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?hiv docunnt is a suwary of incidents ccurrig in the
namfactumr and loading of solid propellant with the safety
data developed from suh incdents, as vel as frm tests
and studies conducted to determine hasards.

References md soces are cited for wr detailed infbrmation
on the subjects covered and the verification of conclusions
reached.

The pubication of this douoMnt is not mant to Iply that
this installation reomi.s, endorses, or concurs in the
findinp, conclusions, or anslyses obtairmd, but rather to
accuwmlate the information rwported as a historical reference
source for any safet aspect demloped bF cwntributors.
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10:10 (1) CoMtnt, Wa.t Brl Fir.: Thiokol, Hutsvil Division, 1960.
A fire ocawred in a contaminated asUte barrel located outside the laboratory.
The fire spread to four other drum conainng cmtainated aste. The fire
evidently occurred from spontanem ¢costion. No Injuries. PrdlAe Com:
Lithim almium hydride.
Anmual Safet Report, 1960, Thiokol, Rmtsville Division.

GlO10 (2) Fire in Waste COaier: Lgorn, 1959.
A fire originated one Stday afternoon In a waste container lobted outside
the Longhorn Chemistry Laboratory. The fire Ignited som other container
of contamimted wste. Th e we is believed to bare been spotmeeous
eobustion.

10:10 (3) Ptpelant Curing Oven Fire les): Thiokol, Wasatch Division, Sept. 1960.
Propellant ample (apzrximately 60 pounds) i ited in a curing oven. Prob-
ably caused by malfunction of heat controll"n syftem.

10:10 (4) Cit .np. Pt:pe.L,nt San es '4th Hacksaw. Sianle XMIitds Reaction Motors,
Denville, N. J., 19 Jmuary 1960.
A mall snimple of compressed molded propellant (2(0 PHI, 58.9% HAZ, and 21.1%
TAM mterials) Ignited when mually cut ting L 1is diameter x 3" long saple
with a hacksaw. Th laboratory technician received burns on his face ad
hands. Fr probable cases, see report.
Longhrn Safety Section File 3Q-1/%1..6.

10:10 (5) Imition of Waste Container on uildi Pad: Thickol, Wmatch Division.
Forklift operator placed a pallet of cotainers filled with propellant on
an elevated wxplosive waste pad. )Wn pullirg the forks from the pallet, be
not have scooted the pallet across the flore of the pad and pI ted sow
propellant on the bottom of the pallet. He didn't notice the initial bwning
but after leaving he looked back and saw the cantainers burning.

10:10 (6) IdtionL of Stall Amoun f llant on Feoor.o

Picj Thiokol, Longhorn Division, 3 Nhret 1964.
Building 45-E: When rolling a cart out of an oven bay, the casters rolled
over a -riall amount of uncured solid propelllani (polysulfide/AP) and ignited
It. Buitdinx rd4-F, 124-6-&: Employee walki , In corridor in front of a cut-
,ick bay ighitUei (op-inrg noise) nzall particles of cured solid propellant
(rNtymrldi/.11) by frictirnal hoat between his shoe :mod concrete floor.
'it ldIi.- 45-F., 11-9-f14 : h.ineer :;tacklng. ccntamlntcd canting fixture parts
i,',.lt . .- wll anuunt of uncur c atolid propellnnt (rerhin,:) by pinching
bett-iei the nvet,t iirt. In all three c-'Wes the fire did noL. spreawd duw to
the =016.1 ,n.itity of waste propellont permitted on the floor and equipuent.



M FIES AND EXPWSIo

10:11 For causes, theory, etc., see 21115

IO:U (1) ir Fire: Naval Prcpellant Pant, 1 Septder 1954.
200-gallon, J. H. Day ai r. Gkrlock # M3 plain yarn packin ringsp five
in each gland. Propellant binder system; nitrocelluose eolloids idth an
ether-diphenyie Umitw. Wile 0oeesUa r ad earma powderpfrs
ws detected by employ who was In the process of sargn the mxr.
The J. H. Day .1w', Istalled In 1942 have blade. kqed to the drive "hft
from the inside of the adxor. Th kq ad falle, at at the Jyvay, and It
is believed the caoe of the fire was the fricton created by sippage of
the drive shaft within the hub of the blade.
Reference ]U, page 78.

10:U (2) M lrer:les Powdsr Cqmpanys 31 Jan'y 195%.
Readca Tangential Sim Blade al r. Do*l ae propellant. 1A ' no. 6
!A BuRdIng 35( fired ,i4ae processIt 1-10 sIngle-base propellat. he
mixer was charged with rmIx and solvent (acetcm-&lcohol and ether) ad
had gone through the required soaking time. Several uInt~es after mixer was
started, the fin occrred. No apparent cause @mld be foumd for thie Ind-
dent.
Reference 11, pap 31.

10: U (3) M: Astroftam,, I,., heepr, Tm., 25 ,mwber 1955.
20-gallon -Bsker Ptins adr. 100 pous amoiu perdalerate proellan.
Six injuries. $223,500 dampe. Poesible ceases: 1) propellant material
striking ran or WcminI piada* between rea or side at mixor bmal; 2) sta-
tionary friction ring in blade daft pking glands have beam oer-
L td# igniting propellant vidhd . ad lated witda the gand- n sta-
tionary friction r' had a shattered faoe and there ms evideme of meh
beat in tbLs area; 3 intal-to-aetal cmtaet of parts inside the ami bov;
I) 1mr.ties. Corrective Actios Disoontln me e rm on sammitive
yopellants, set up e aning schedle for pkimg giads, replace mtal-to-

mtal sea in pseld glands, et.
Reference 12, page 1.

10:1, (4) mak, .Fia: Nal paro elmt ilant, 8s my 1956.
200-gallon J. H. Day mer. Orlock 34 plain yam paeclng ag, fiw In
eda gland. PropellaUnt at times comIntes the entire glnd. Propllant
binder Mystem; nitrocellulose 01lcids with an eth u a Mature.
Alvminua panel d lid is seeured to boid dwing ming. III bad been
charted with al~cabel-,at regon powder and dry mixed for five miatee.
Operator who opened valve to edit e tbmr&dybe. I &zl e solvent beard an
m ual noise inside a and fire ws dtected. Iwesti@tion ald: So
definite cause, but mt probable came was due to paer caght betwen hub
o mixer blade ad overheated by friction.
Rference 11 pa 78.

10:11 (5) Aejet-Gezaral, 26 Jul 1957.
BakerPr s mxer. An eaploIsa ocwred le dry codastion modifiers
(carbon black and copper hromite) m being Introdtoed Into a propllant
mix containing n aludmn and 5C% of the aidiser revIred for formlatios.
Reference 129 pae 31.
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10:11 (6) .. xer Explosion: Aerojet-General, 10 August 1957.
Baker Perkins mixer. An explosion of high order occurred ihile anonium
perchlrate was being added (809 having been added) to a mix containing
aluminum. Mixer and mix station were demolished. Eleven other buildings
on the line were damaged. See 21:11 (2).
Reference 3, page 31.

10:11 (7) Incident Occurring During Charging of Dry Mixture of Ammnium Perchlorate
and Carbon Blrck into Mixer.
Memo from H. L. Padgett, 14 August 1957, Thiokol, Longhorn Division.

10:11 (8) Mixer Fire: Thickol, Elkton Division, 13 Deember 1957.
Five casualties. The fire occurred immediately upon restarting the mixer
after the addition of the perchlorate and the iron oxide catalyst. The
pressure rise was not enough to blow out the aluminum blowout panel in the
wall opposite the mixer, and the flame front progressed throughout the
entire building.
Reference 3, page n. Also see Reference 12, page 35.

10:11 (9) Mixer 2m, Casting Can Fire: Thiokol, Wasatch Division, February 1958.
Fire occurred in casting can during latter part of deaeration process.
The cause is believed to be due to high localized temperature generated
on the side of the casting can either by friction between the can wall
and a vibrator strap or by high-frequency fledng of the strap.
Reference 3, page 12.

10:11 (10) Mixer Detonation: Aerojet General, Fall of 1958.
2,000 lb. capacity Patterson mixer. Polyurethane propellant binder system.
Stainless steel lids are fast-opuning, air-operated, automatic on internal
pressure rise. Eight packing rings each gland; Teflon, graphite, and
standard lantern rings lubricated with Dow Coming #4 or Dioctyl Azelate.
Repacked on average of 1,000 hours; no contamination of packing gland.
Detonation of a 2,000 lb. batch was attributed to metal object reaching
the blade area and becoming lodged between paddle and tub. Two prior
incidents were attributed to possible gassing or eothermic action inter-
nally, and initiated by static build-up in ungrounded portions of system.
All ducting, screens, etc., .re now bonded together. Hinged-type mixer
lids with fast-acting, air-operated cylinders are more desirable. Mixing
performed under vacuum and nitrogen purge.
Reference 11, page 83.

10:11 (II) Mixer Fire: Naval Propellant Plant, 22 Decenber 1958.
100-gallon Baker Perkins mixer. Nitroglycerine-nitroceulose colloid,
propellant binder system. Normal batch, 250 pounds. Fire occurred in
No. 5 mixer bay, Building 704, while processing ABL2014 (hybrid) casting
powder scrap. Mixer had been charged 10 minutes prior to ignition with
318 lbs. (wet weight) scrap. No solvent had been added. Thirty to 60
seconds before the fire, an operator heard a noise as though the motor
was laboring very hard. Mix ignited before the power could be cut. It
is believed ignition was probably due to friction between the powder and
the mixer wall. Part of the required amount of acetone needed is now
added at the start of the mixing.
Reference 11, page 48.
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10:11 (12) Mixer Fire: Hercules Powder Comparny, 28 April 1959.
Readco Tangential Signs Blade "ir. Double-base propellant. Mixer wes
being used to process high werg& propellant. The mixer had run through the
mix cycle and was on chill when the incident occurred. It is genrally
believed that this fire w" the result of material hardening in the gland
and that friction fran the mizer blades started the fire. Procedure was
established -whereby personnel would wet gland openings periodically with
solvent.
Reference Us, Page 31.

10:11 (13) Mie aoin Naval Propellant Plant, ildian Head, Maryland,, Harch 1959.
BakrPekins mixer. Exlosion occ~urred approxiatel.y one minute after
addition of amonium perchlorate to the NG/?C base mix. Considera~ble damage
but no personnel injury (operators protected by a 12" reinforced concrete-
wall). For theory see 21M1 (1).
Reference 2.

10:11 (14) Mie ie Thiokol, Longhorn Division, 31 July 1959.
Building 41-G0, 200-gallon Baker Perkins mixer. Operator stated a waffled
explosion occurred about four minutes after the mixer was turned on. Nixing
was by reverse process. Polyaulfide/amoniu perdlrate six. Xixerr ft
damaged; one first-aid case.
Reference S&S File 340-1/304.4.4.

10:11 (:L5) Two Mixer Qlosions: Herculets Powder Company, 5 October 1959.
Two 150-gallon Sigma Blade mixers located in adjacent bays were operated
simultaneously. Nitrocotton, nitroglycerine, and solvent iw place 1&
the mixer; dry aluminum and dry caddi er weon placed on top. An exiplosion
occurred in the east mixer first, followed within &*coeds by an uexplosion
in the west mixer. The nature of the damage suggested that a considerable
amsount of the Ingredients mant have beow consutmed as pyro echnic.

10:11 (16) Mixer Fire: Thiokol, Loqftorn Division, 22 Decmer 1959.
200-gallon Baker Perkins mixer. Polysulfide/ainonim percilarate mix.
Mixing by reverse process. Mixer had been operating between thirty sconds
and one minute when fire ocawred. So injuries. Prplant wes consmed
in fire. Mixer not damaged. Possible Causes Foreign aterial introduced
in mixer.
Reference S&S File 340-1/304.4.

10:11 (17) Mixer Explosion: Thiokcol# Longhorn Division,, 8 Janvary 1960.
Building 41-0. 200-gallon Baker Perkins mixe. Mixing polyoulfid/anoi
perchlorate propellant bq revese process. The after had been operating
about one iuinute when the explouion occarred. Bihlding destroyed. So
injuries.
Reference S&S File 340-14/304.4.4.

10:11 (18) Mixer Fire: Thiokcol, Wasatch Division, 6 Janm"r 1960.
Reverse mixing (aaknim perchlorate first added). .PW and alimk4
paste added during a 30 minute mix cycle. Baker Pezkins mixer. Premix
paste consisting of NL aid aluminum was then added. Make-Upis (AP and
first premix) also added. After a 10-minute mixing cycle, ample. ware
taken and the mixe scraped dom. Mixer wes re-started,, and in about, two

I minutes the fire occurred. Camse of the fire unetuamaried. Possible
Causes: 1) foreip objects in mixer; 2) aluina and amoriam perchlorate

4 ~dust andl a volatile in the PMA reacted; 3) the mixer malfunctioned during
the final 10-minute mix cycle.
Reference Thiokol, Wasatch Division TV-17-2-60.I -4 -



30--U (19) Continuou Mkor I it: Racketdyne, MGr.lr, Texas, May 1960.
The mixer consists of an electrically driven propeller, which holds about
15 pounds. Twoppers are ued to feed the 4 ; one cotains dry
materials and the other a "slurry aluinum powder and Dow Coming "200".
The had "oSd down" a they had shut off the machine. Four m-n
entered the bay and we dipping the slurry out of the hopper with a card-
board box. After being in the bay for at lest 10 minutes, a emall explo-
sion--evidently in the pmp husing-threw the slurry in the air md burned
all four mn in the bay. Only one man out of the fbur survived.

10:11 (20) e _ 2 Kim Thiokol, Huntsville Plant, 12 July 1960.
Part of fuml sc fond in mixer following the fire. Minor injury to
an operator. Baker Perkins mixer.

10:11 (21) gIxe Fire: Thiokol, Huntsville Plant, September 1960.
Baker Perkins mixer. Fire occurred during cleaning. Parts of detergent
screen found in mixer following the fire. No injuries.

10:11 (22) Mixer Fire: Hercules Powder Company, 14 Septtber 1960.
Readco Tangntial Si Blade mixer. Dobl*-base propellant. No. 2 mixer
in Building 3673 fired *Iil, processing bigh-nerg propellant. The mixer
had completed cycle and had ten turned down for pulling. The operator
proceeded to unlatch the lid (lid is cast iron with lead blow-out panels
and is counterbalancel and held by shear ring arrangemnt on all but
composite mltiple double-base mixers thich are not counterbalanced but
held by air cylinders) and the fire occurred. It is believed that friction
could have caused this Incident. Preventive masures were taken and the
catch was rmoved from the lid; lid hinge pins were equipped with Teflon
washers; counterweight cable was ived to provide clearance between mixer
and cable.
Reference 11, page 31.

10:11 (23) Continuous Mixer Incid Thiokol, Longhorn Division, 9 Deceber 1960.
Buil ing 68-, no injuries. Ignition occurred somhere along the screw
assembly, *hich resulted in sufficient pressure build-up to shear the
bolts holding the mixer section together. For possible cause, see 21S15.

iO:11 (24) Continuous Mixer Th idnt: Thiokol, Wasatch Division, 6 January 1961.
Continuous mixer (Ko-Kneader) incident occurred right after the mixer had
been started up after being "bogged down". The screw had been backed up,
the mixer re-started, and had made two revolutions (in connection with its
forward mtion) *en the incident occurred.

lO:ll (25) Mixer Fire: Hercules Powder Company, 6 .pril 1961.
Readco Tangential Sigma Blade mixer. Dowole-bae propellant. Mixer No. 2
in Building 3692 had completed the mix cycle and had been drying for a
short period. The operator had added additional solvent, closed the lid,
and left the building mhn the fire occurred. No apparent reason for the
fire could be found.
Reference U-, page 31.

10:11 (26) Mixer Explosion: Thiokol, Longhorn Division, 13 July 1961.
200-gallon Baker Perkins mixer. Forward mixing. Near completion of mix,
some 60 seconds after all the oxidizer had been added, an explosion
occurred. Probable Cause: Initiation in packing gland.
Reference SS Department Repcrt of 50-B Incident.
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10:11 (27) Mixer Fire: Hercules Powder Company, 20 August 1961.
Readco Tangential Sigma Blade mixer. High-nergy propellant. Mixer No. 1
in Building 3692 had been charged with remix high energy propellant and had
been on cycle about 40 minutes when a fire occurred. It is believed the
fire was thc result of a press screen being charged into the mixer with
the remix material. Remix material is now passed over a metal detector
before being put in the mixer.
Reference No. 11, page 31.

10:11 (28) Mixer Fire. Ozt.side Source of Iamition: Naval Propellant Plant, 10-5-61.
150-gallon, L. I1. Day Company, Propsllant Binder S jtm. NitrogLycerine -
nitrocellulose cofloid. After the mix qcle, and prior to discharging mix,
an operator attempted to remov the catch pan (used to catch propellant
which passes through the annular space during mixing) and on seeing a flaw
originate inside the pan, dropped it and ran. The flame spread and ignited
the propellant in the mixer, but was soon extinguished by activation of
the sprinkler system.
Reference 11, page 71.

10:11 (29) Mixer Fire: Thiokol, Huntsville Division, 9 February 1962.
During addition of amniu perchlcrate to a 200-Sallon Baker Perkins
mixer, a fire occurred. Cause of the fire believed to be due to spilled
oxidizer near frosen oil contaminated pump shaft coupling, which ifited
by friction of rotating motor coupling.
Report No. U-A-62-4238A.

10:31 (30) Mixer Fire: Rocketdyne, McGreipr, Texas, 22 Jwu 1962.
Ammonium nitrate propellant fire occurred in a 100-gllon Baker Perkins
mixer. Cause not stated. Only minor damage done due to operation of
vacum-stat which raised the mixer lid permitting axtoatic operation
of the water deluge which extinguished the burning propellant.
Reference Telegram, RT-IlN, Safety File 1/304.4.6.

10:11 (31) Vertical Mixer Fire: Thiokol, Elkton Division, 7 September 1962.
Baker Perkins vertical mixer, 150-sallon capacity. Mixing had been in
progress for 38 minutes when a fire proeeded by a Oboom occurred. It
is believed a three-piece plug (consisting of a eorm doughnut aound
an aluminum insert, into which is placed a thermocoule) had, as a result
of mixing action, unscrewed and drifted upard and we struck by the
blades. Score marks were found on the aluinm portion of t plug, as
well as on the bottom of the mAxer blades. wage we light due tot
1) quick action of the deluge; 2) failure of the hydraulic Wyatm (possibly
after ignition) permitting bowl to be thrut to the floor awy from the
superstructure. Future design may incorporate burst diaiphra into
hydraulic cylinders. Down tim 10 days.
Reference S& File 340-1/304-.4.6.

10:1] (32) Mixer Fire: Hercules Powder Compmny, 13 oveer 1962.
Readco Tangential Sigma Blade mixer. Triplo-base propellant. No. 2 mixer
at Building 3608 fired while processing triple-ba"se propellant. The opera-
tor entered the bay to check the mixer and when he started to throw it out
of gear, the fire started in the right front land. So aparent caue of
the fire was found.
Reference 11, page 31.
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10:11 (33) Mie I aig: Atlantic Research Corporation, 3 January 1963.
10 D hdcal xer, 1,350 lbs. normal batch, propellant - PVC comosite.

Mixing done under vacu. Ground NH CLO is not screened. Mixer was destroyed
In an explosion while being oprated r el. There were no injuries to
persco l. Findings to be reported later.

10:11 (34) YAu..Mis: Rocketdyns, Solid Propellant Division,, Year 1956 to 20 Jun 1963.
100-gallon Baker Perkins al sed for mixing of aionaim-nitrate, rubber-baa.
extmrdable propellant. Normil batch, 450 to 525 pounds. Six rings of packing
(oarlock #1100 braided asbee impregnated with graphite) used in each packing
gland. Propellant contmimtion xteds all the way throih the packing gland
asembly to the paking followers. There have been six fires in the sevm-year
period. Each fire damge was minor. Sea 21:15 (12).
Reference No. 11, pages 64 to 67.

10:11 (35) Mixer ileon: Atlantic Research Corp., Alexandria, Va., 2 January 1963.
A RLDCO horizontal mixer w being used to mix approximtely 1,300 lbs. of an
aluisinized composite propellant containing aoni perchlorate. All ingre-
dients had been incorporated into the mix and a 20-oinute mix cycle under
vacuum had toen copleted. Folloing this, the mixer was to be operated in
reverse direction to clean blades. The exploes" occurred at the instant the
switch was thrown to start the reverse operation. Specific cause of the Igni-
tion is not known. The mixer building was conpltely demolished and several
secondary structures were severely damaged. Glass breakage was reported at
distances up to 11 miles.

10:11 (36) Mixer Pp !sion: Thiokol, Wasatch Division, 23 A%"' 1963.
A cnf ined deflagration occurred in a 30 0 -gFllon Baker Perkins horimontal mixer
located in Building K-25 in the R & D Area. Th mixer involved was recently
converted to the automtic batch weighing mix system. The icident occurred
after 30 minutes of the mix cycle. The oxidizer and premix additions were
completed. Minuteman propellant ws involved. So injuries.

10:11 (37) Vertcal Baken Mixer Fire: Rocketdyne, McGregor, Texas, 6 September 1963.
Propellant ignition occurred in a 25-gallon vertical Bakmn mixer. There were
no injuries. A batch of c netional aumdum perchlorate castable propellant
was being mixed. The point in the mixing cycle had been reached for attendant
addition of MAPO curative. Temperature of mix was approximtely 1760F. Mix
can had been lowered, sides of mix can scrapcd dam, and the undiluted NAFO
distributed over the top of the propellant mix. Operator reported that there
was no visible unincorporated amonium perchlorate present at the tim of MAPO
additi on. Appmxdimtely 2 to 4 minutes after MPO addition, spontaneous ini-
tion occurred. Complete action of deluge system limited e iage to scorching
of the building walls and scorching of the mixer. Probable cause of ignition
thought to be exothermic reaction betwee MAPO and ammonium perchlorate.

10:11 (38) Continuous Mixer Fire: Thiokol, Wasatch Division, 18 December 1963.
A fire and sub sequent pressure burst occurred in the Ko-Kneader section of the
composite solid propellant continuous mixing facility. The fire, propagated
from the Ko-Kzneader section to the associated equiiejt in the mixing room,
then went through the analytical room to the east exterior of the building and
into the propellant wste receivers,. $M71,000 damages, no injuries. The Board
of Investigation concluded that heat of friction created by the entrapment of
an wiidentified metllic object betwen the outer edge of the mixer screw
flight and the uixer barrel, precipitated the incident.
Reference Report of Board of Investigation, Composite Solid Propellant
Continuous Mixer Fire, Thiokol, Wlasatch Division, 18 Decenber 1963.
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)ysd 10:12 (1) Motor Cut-back, Nike-Zeus: Grand Central, December 1960.
While wing a manual mechanical advantage-type cutter for propellant trimming,
the motor was ignited, killing one operator and injuring ty others. It is
believed dust and small particles af propellant could have been ignited due to
one or more of the following causes: 1) echanical friction, 2) pinching of
propellant between tuo hard surfaces, 3) static discharge between personnel

9 and propellant, 4) metal object struck a spark.
Thiokol Safety Section File (Loi~orn; 34l-/304.4.6.

10:12 (2) Motor Cut-back. LaCrosse: Huntsvile Divi ion, 16 April 1957.
An ignition occurred during the remote cut-back operation. A second engine,
bolted to another stand in the ame bay, ignited Iiv, or six seconds after
the first. The fire was probably caused by the propellant between the end of
the cutter blade and the casting sleeve being ignited by impact or friction.
The possibility of tramp metal in the propellant was considered, but seemed
unlikely. For corrective action, a more rigid prevenive miintaianoe proein
was started. Clearance between blade and case should be Increased.
Reference 3, page 5.

10:12 (3) X-28 Motor, Cut-back Fire: Longhorn, 7 Jul1 1956.
During cut-back of an N-58 motor, using a disk blade operated by remote con-
trol, a fire occurred. No injuries due to the moo being secured in a steel
cubicle vented to the outside.
Reference Safety Section File (Longhorn) 341-1/3(.4.6.

ir 10:12 (4) Droped Loaded Motor; Building 54-F, Laghorn, 19 October 1957.
A loaded motor ignited and burned when dropped in an oven room. ?he motor
dropped due to a hoist failure.

10:12 (5) Accidental Firini of a T-131 Rocket Enine: Huntsville, Alabama, Nor 1953.
The incident occurred uhen an oversised nozile plate was being forced, by use
of an impact wrench, into the internal engine threds. s Igniter was in
the engine, the operator was mshieldmd, and the engne as held in a vise
that 'as not anchored to the worbench. Three operators er involved.
Reference 3, page 2. Container 108 - Longhorn.

10:12 (6) Motor Cut-back Imnitiont Burnig.- and Dettnatoss Thiokol, Reaction Motors
Division, 10 February 1961.
TDI-2 (Series G) solid rocket propellant--bout 9 cut had been made. After
ignition of the motor, it burned for a ,-it with one end closed by the saw
blade. The hold-dow straps failed and the motor stood up vertically and
detonated.
Memorandum from Jmes F. Hayes, Manager, Safety and Security Department,
Reaction Motors.

10:12 (7) Castinm Bay Incident: Huntsville Divison, 6 October 1953.
The rocket propellant was loaded into t0, rocket motor body by using a screw
type horizontal extrusion press. The body of the motor has three threaded
vent holes 'Aich have to be cleaned after the motor In filled and removed
from the extrusion press. After cleaning, threaded metal vent plug-stoppers
are screwed into the vent holes. While one of the operators as engaged in
timtening one of the vent plqe, an exploeion occurred. The f]ame frm this
explosion ignited the propellant remaining in the feed hopper, feed screw,
and in the adapter eseeve of the extrusion press. The four men in the press
bay died. Abstract Report No. 1. S. 635, 6 October 1953, Departnt of theArnWy, Office of the Chief of Ordnance. Longhorn S&S File 340-/304.4.6.
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10:12 (8) Motor Cut-back. 12,000 POSnd: 6 September 1961.
Eplosion occurred inlving a Wing 1 conmtionl solid propellant rocket
motcr. Daring cut-back operations and pre-operation of the cutting device,
s Mk. were noted %hich subsequently ignited the grain of the 12,000 pound
c.Je model motor.

HeZerence A3MB kplosive Incident FApcrt No. 999.

10:12 (9) GwrlnOm Thiokol, Longhorn Division, 30 March 1962.
Operaors beiewvd to hVIS heard a mtallic noise or clang inside the bank

L_ of ovens, and a short tim later observd propellant flowing across the oven
bay floor, Ahich ignited. Within a few seconds, an exlosion took place which
was followed by two others at close intervals. Four IM-30's in all were
involved in the Incident. Xlos ion of the motors may have been the result
of internal ignition of the propellant grain from exterml heat. Probable
Cause: The head-end retainer rinM came loose on a freshly cast motor that
had been suspended in the ovea an hour previously. This pamitted the head-
end castin assembly to drop onto the expanded mtal cover over the fan and
heater assembly beneath the swspended motor. Propellant then could flow out
the head-cnd of tho motor onto the ;'an and heater. Propellant on the depressed
expndod metal cover my have been inited by the fan blade striking the metal
cow cr head-and assembly.
Refer.ce Incident Report, Building 54-, 30 Mrch 1962.

1-0:12 (10) CUUM. O Incident: Hercules Powder Co., Bacchus, Utah, 23 August 1962.
Tiree or four thoand pounds of high-energ propellant in a cue house
violently exploded ihile t.-ee vn was in the cure house to get som Mil
test motors. It is believed the incident ws caused by dropping one of the
test motors. All three sm perished.

10:12 (11) Castinrt ME2o.et ncid4Rt: Thiokol, Wasatch Division, 23 March 1962.
Fire started when an operator placed the flanged and of a large propellant-
filled casting bayonet on the concrete floor with too much force. Cause of
fire, either friction or spljr s. No one injured; davage $6,500.

10:12 (12) Fire in BLc fres: Astradyne, Inc., McGregor, Texas, 21 December 1956.
NZo injuries. 3924 danmaes. Possible Causes: 1) Compression of air in press
due to blocking of vacum port to ram or due to entry of air into basket
because of defective O-ring, 2) foreigi mterial in propellant.
Reference 12, pae 10.

10:12 (13) ctruder Defla&:stion: Astrodyne, Inc., McGregor, Texas, 1 March 1956.
Three injuries. 97,200 damages. Possible Causes: 1) heating of propellant
above its auto-ignition temperature by compression of entrapped air, 2) bas-
ket of press was overloaded and blocks were being forced into basket by use
of ram.
Rcference 12, page 9.

10:V (14) ftloaion of Extruders Astrodyne, Inc., McGregor, Texas, 13 April 1957.
No injurios. 3395,000 &aages. Possible Causes: 1) compression of
untra)pod air, causing propellant to heat above its auto-ignition temperature,
2) mechanicai failure of extruder components, permitting ztal-to-mtal con-
tact, 3) frictional heat generated by rubbing ram against barrel of press,
4) impurities in propellant, 5) friction of screw from vacuum post in ram
between ram and barrel of press. 240 pounds AP propellant involved. Reco-
mndations: 1) provide auto.matic vacum and pressure recorders on extruders,
2) provide automatic stop on ram in event of vacuum loss.
Rcference 12, page U.
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10:12 (15) Imition of Propellant on CastUn R Can Ld Clwap: Thiokol, L4ghorn Division,
29 August 1963.
During assembly of M-30 casting can, a small amount of propellant ig ited
between the lid clamp and assmbly nut while the caeting can lid wus being
secured to the casting can. The incident occurred when operator bepn tisbt-
ening the lid clamp assembly bolt nut. A smll flash and sa so*e comeiablf
to a lighted match occurred between the c3amp ard bolt nut. The lid clmp fs
removed from the can and thoroughly cleaned with solvent. It ws then install,
and the ca3ting operation completed.
Lmnghcrn afety Section File 341-1/304.4.5.

10t12 (16) See 10:11 (9) - Casting Can Fire in Mixer Bay, resulting fram heat generatd b-.
vibrator.

10:1 (17) I&nitinn of Motor Durin Cure: Gr.:d Central, 7 July 1956.
One fatal injury. Oven and cell destroyed. 1,250 lbs. .f polysulfide perchlo
rate propel lant involved. Ispector was checking own temertitue when motor

d ignited. Cure tcaperature was 190DF in pit-type oven with 307psi nitrogen on
motor. fcxirce of heat ms a hot water heat echanger operating at 2.OF. HI
est possible exothr. existing in propellant during cure is believed t be 220
Motor caught fire after eiot hours cure. Mandrel ms ejected 200 fe. Pro-
pellant could nct be ignited below 3880 in Wood's metal bath.
Reference 12, page 45.

10:12 (18) Propellant Fire in Electric Own: Astrod~ne, Mc regpr, Tcxas, February 1954.
One injury. $18,400 dmages. 1,00 lbs. of amnim nitrate propellant In
Cell No. 2 at time of fire. 395 lbs. w n Oven 2 *or* fire started.
Possible Causes: 1) propellant touching baffle plate (btween oven and calrod
units), causing ij;nition, 2) local overheatiig of ove.
Reference 12, page 17.

10:12 (19) Im!tion of Jotor Dri rc Cure: Grand Central, 2 October 1956.
TW fatalities. Four curing oens destroyed. Polysulfide ammonium perchlorat'
rropellant. 1,250 pound motor ruptured. Cure teperature mw lO°F under 30(
psi nitroren. Pnssible Causes: 1) possible exothaemic heat from curing and
low auto-;r pition teiperature of the propellant, 2) mendrel may have expanded
Ic,,t~v .isc, compres3in pro.ellant in mandrel centsring cup.

,SRK3: a) 1-otherm from a &A.-homogeneous fuel-rich portion of propellant
could be considered higher than th tveran propellant. The adiabatic max±w
temperat&,e ef the fuel alone cured at l)°F has been asured at 3210Y7, and
at 1O9PF t be 340°F (corrected for calorimeter heat absorption would raise
reading aiut 3"P7); b) Propellant auto-ipnItion t re ws 3930F at
four plus mbtutes (i.ood's metal bath); C) In a ample 240-pound propellant
charge, Uie maxijrn temperat re rise me 30"' in an over at 190O? after sbout
ci'ht hours, and a maxinn rise of 22F we attai )d In tirtee r at
180F (exothermic reaction); thest times correqx I closely with the ition
t1mes in this incident and the one an 7 July 956 d) In Armtion
recedived on test. run to determine auto-igitio tn abwes on this propellon-
with various additives included, copper chromite my have ben an ingrdie
in ths propellant fortmlation. On tests %ich weav psrformd, propellant
containinr copper hromite eiploded on Igition.
Refcrence 12, page 46.
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10:12 (:0) I:oition o r m DqcnA Ciet Jet Propulsin Laboratory, 1953.
Several solid charges of 2-'ich diaumoter propellant ignited during cure.
Ponrible Cause: AdditioA of % aimmnium dichroate to ammonium nitrate-GW
(Gycidyl Glycerin) propeolant lowered the auto-ignition of the composition
to L30°C; ccnsoquentij, this low ignition taperature, combined with a
aoderste exothern., caused igrition. Riarks: Ansonim dichromate attacks
the resin binder md caus- bat to build up. Reoomendations Manganese
dioxide proved a satisfactory replacemnt for amonium dichronate.
Reference 12, pao 58.
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10:13 (1) Oxdd zer :;,'ridjy~pt: Thiakc 1, Hunt!ville Division.
A canvas adapter sleeve, used to conduct oxidizer to a drum, caught fire.
The cause was apparently du to heat generated by friction between, the
sleeve and a drive belt.
Reference 3, page 2.

10:13 (2) Drum of Amoniim Ferch1yate limited: Thiokol, Huntsville Division.
When unloading a drum of ammoijur par4cilrate, one of the drums %a ignite
and Was propelled into a W~kn Later tedts established that enough heat
or friction could have been gmerated by the sliding of the mtal drum downi
the metal skid to ignte the Polyethylene liner in the drum.
Reference 3., page 2.

10:13 (3) BUInREd (lyrator-y Screen Amlinst Wall: Longhorn Division, 10 J-" 1959.
This caused the igilion of the perchlorate impregnated sponge rubber gasket
around the edge of the screen frame,, iiuich in turn ignited the perchlorate
imprefnnted canvas on the screen . N~o injuries.
Reference Longhcwn Safety File 3I4-1/304.44.

10:13 (4) Two Drums of Ammnium Perdilerate RDtoted: 15 February 1960.
Two drums of ammonium perchlarate detonated in a mixer bqW as a result of a
mixer explosior. It is believed their detonationi vas due to high velocity
particl es rather than the detonation wave front frca the mixer explosion.
See 12:12, also 12:11 (5).
Reference Minutes of 7&Nc5ettinig, Longhcrn Safety & Security File.

1U:13 (5) High-EncrZ xidizser, LAboratorr Incident: Thiokol, lHutswi~a Division, Sep-

Dur ing ain attempt to peaehigh-energy oxidizer mterials (laboratory
quantities - N2F 4 and Cfi8),, a chiemical exothermic fume-off occurred whiile
vacuum distilling the reaction products.

10:13 (6) HP2 Explosion in Storage Shed: Thiokcol, Wasatchi Division, 9 September 1963.
I53ndiial cUantites or 11IFin various process stages were stored in a
thick polyethylene bag Inside a polyettqlsne container inside a 30-pallon
drum. The drums were stored on a pad under an open storage ushed. Owining
preceded the explosion tr an estimated 15 seconds. The ust probable cause
vis an exr'Uiermic reaction in one of the containers-possibly between HP2
and Ui, epoxy painted drum. Extensive stability teats were run and valuable
recometicIations mde ibr safer storage.



gIICL0 AND OIIU MATEIAL -TI P!R CNIc32

104 (1) Laoshrn Division, 23 October 1956.
When( using an uroldd vacm hose to clu up spilled paraqinone dioxim,
a fire resulted, and It is believed that the came of the Ignition was the
resut of a discharge of static electricity built up in the hose.
Reference Safety Section File 3.1-1/304.4.4.

1J1. (2) Pyrotechnic..xer (YAler tmr) Fir.: Thiockol, Wasatch Division, Deember 1959.
A mifti e of mgneim, alumiia alloy, potassiu perchlrate, and potassim
nitrate were being blended in a sall Muller -4xer. 7T, binder we to be
left out until the fuels and cidisers were calltely mixed. The above dry
ingredients had been mixed for five minutes; +thn the mixer shut down and an
operator entered the mixer bay (after a five-minute waiting period so that
no static charge or delayed action wuld take place while the operator was
in the bay) to check the mix for complete mixture, and brush (bristle) the
waixed coddisor from ar the outer edge of the mixer Lack into the mix.
The mixer was restarted amd after makin about tw revolutions, ths mix
Ignited. Apparent ause was due to sparks or beat from atal-to-metal
cotact of steel mixer blades with the steel mixer bor.
Incident Report, Pyrotechnic Deflagration, Thiokol, Wasatch Division.
Longhorn Safety & Security Dept. File No. 340-1/3D4.4.6.

10:14 (3) Diborene Sura Tank Roaion 15 March 1961.
A 2,000 cubic foot tank containing 1,775 pounds of diborane involved.
Rupture of the one-inch steel tank was believed to be due to a defective
wid.
ASS8 Report No. 32.

0t14 (4) E=plosion in Tumbli Barrel Contgikg Pyrotechnic Nx: Thiokol, IhRmer-
Bristol Division, 17 May 1961.

10:1. (5) )kthj l Brcmide Tak floeion: Uplosive limits are greater than once
believed. Zinc, alminu, and magnesium are known to form pyrophoric
grignard type reaction products. Therefore the term "non-ferrous metals"
should ro be used in reference to storage containers,
ASESB inddent Report No. L-28.

101 (6) Trichloroethylene has been regarded as a non-flmable soivent, but recent
tests by the Bureau of Mines rove othervise. See "Flamability of Tri-
chloroethylene", Bureau of Mines Investigation Report 6190.

10:14 (7) Ammonium Dichromte Fire: Astrodyne, Mcregor, Texas, September 1955.
Appxitely 150 pounds involved in a fire during grinding operations.
Possible Caises: 1) static spark between blade and falling dichromte,
2) V-belt overheated, 3) over-heating of air lock valve Teflon blade.
Corrective Action: control dust; provide electrical grounds.
Reference 1', pare 26.

10:14 (8) Mlori Blue Fire in Dryer Oven: Astrodyne, McGregor, Texas, February 1956.
Approximately 180 pounds involved. Decomposition temperature not determined
at th is time. Possible Causes: 1) prolonged heating (for 113 hours at
225 0 F) of Rilori blue (iron blue) my have caused decomposition and Ignition,
2) contminution, 3) catalytic reaction caused by moisture from bottom of
barrel pasning through dry (drier) blue at top of barrel.
Reference V?, page 20.



CONTAMINATED VACUI( LINES AND BWIPHfl; STATIC ELWICITr. WLOSIVE

10:15 (1) Explosion in Vent Stack - Static Gener&tion: mployee, after olling a fan
shaft, turned on the electric motor switch. Fan failed to revlve so employee
(wearing street clothes underneath synthetic fiber coveralls) reached down
into vent stack (containing mthyl alcohol and benzene vapors) to give the
fan a turn. An mplosion occurred, burning employee on face ad hands.
ASESB Explosive Incident Report No. L-34.

10:15 (1) Tolutu,. - 3tatic Sparks: While toluene was being transferred by hand pump
from a ,rum to an ungrowided pail, static sparks jumped frcm the nozzle to
the pail, igniting the toluene. The nozzle was dropped and tolune syphomed
from the drum to the floor of the min work area. Burning liqild flowed
under the fire door (no curb prorldeM) into a mixng room.
ASESB Explosive Incident Report No. L-6.

10:15 (3) Polyethylene Liner - Static Fire: After scooping dry chlorothiaside inter-
mediate (OSA-chlorodisulfany aniline) from a polyethylene lined fiber dnt
into an agitated still containing tetrehydrofuran, the operator remwed the
polyethylene liner and shook the reaining mterial into the vessel. When
shaking the liner, a sudden flash occurred. Relative humidity 50 per cent.
Note: Possibility when shaking material like (IQF, nylon, etc., fro a bag.
ASEB Explosive Incident Report No. L-7.

10:15 (4) Decaborane Fir. Polyethylene AS - Static Charl: A technician had remved
a scoopful of decaborane frca a drum and exptied it into a polyet1~lene
bag on a work table aprximately l feet from the drum. He heard what he
describes as a "enap" or "crackling" noise as the mterial in the bag burst
into fLame. The fire spread to the drum -tad iaited it. Cause: It is
beliewhl that a static charge built up on the scoop ani discharged to the
polyethyktne bag, passed throug the decaborane dust in the bag aud ignited
it.
ASESB Explosive Incident Report No. L-31.

10:15 (5) Ijnition of Ignitors in Polyeirlene Bag: Thiokol, Huntsville Division,
March 1962.
Twenty-five igniter3 are placed in a 6" polyethylene bag. The bag is
sealed and bags are labeled with a felt pen. TWO mn were turnd as a
result of ignition of the igniters. It is believed the operators had
proceeded to the point where same of te bags were being marked %ben the
incident occurred. Exact cause of the ignition is not known.
Telephone Conversation, Safety & Security File No. 340-1/304.4.6.

10:15 (6) Exoiior. of Vacuum Line Servic Propellant Sawle Saw: Thiokol, Hunts-
ville .)visilon, 16 June 1962.
:)urin, s.%-.-ing of H-3eries proill.nt sample, a dust vacuum line exploded.
O. e oit tor w-i- killed by fraptsts from the heavy mtal line. Another
crnployce smtiined deep cuts in the hip, and a third employee sustrnned
fir-t-de.-ree burns during rescue work. Exact cause of explosion wunown
.,t tir* nf report.
.,f,.rict Safety & security File h o. 340-1/304.4.6.



UnflLAIORY IUIDINTS: 3KA;INC:1 _WIING UW~NG

10:16 (1) Saw4M FropIelant Sample Thiokol, Longhorn Division, 1955.
When sawing a propellant sample with a oomercial type band saw, the
propellant ignited and bwned. It is believed the cause of ignition was
due to build up of heat by e*wessive linear speed of the band saw. Standards
for the set, rake, and speed of the saw have now bew established.

10:16 (2) lnq Proellant aqaMLe: Thiokol, Huntsville Division, 19 March 1959.
Two operators were engaged in sawing samples when the propollant ignited
and burned. It is believed heat from friction between the band saw blade
and blade guide caused the ignition.

10:16 (3) Safwn Propellant 2"gle: Thiokol, Longhorn Division, 1959.
After an operator had out am prcellant sarj]ioa with a commercial type
band saw (approved electrical alass), he attempted to clean the blade with
a brush. Propellant cuttings beneath thc saw table becamo igdted and the
fire spread to nearby samples. It is believed the oause of the fire was
undue pressure against the band saw Which igited grains of propellant
between the band saw and saw guide.

10:16 (4) fExlosion of Vacuum Line Servicing Propellant Sugple Saw: See 10:15 (6).

10:16 (5) Lithium Ahmdnum.Hydride/Ether, Fire: Chemist was poming ether (*ich had
been dried over calcium hydride) into a flask containing lithium aluminum
hydride. A flash occurred burninr the chemist.
ASESB Explosive Incident Report No. L-4.

10:16 (6) Hand Cuttin. Sa le from 9-Pound Motor - Initi on: Rocketdyne, iGrepr,
Texas, 5 July 19 .
When using a beryllium alloy knife to cut a laboratory test specimen from a
92-pound cast ammonium perchlorate motor, the o)erator noticed sparks at the
point of cut. The gain burned rapidly, but the oper.tor cscaped with only
a slirht burn. Forty previous samples had been taken in a similar manner
without incident. Cause believed to have been due to friction inherent in
the cutting, action.
Manufacturing Chemist Association, Inc., October 1962 issue.

10:16 (7) Metal X Fire in Laboratory Hood: Thiokol, Huntsville Division, 26 Nov. 1963.
3-400 grams sample involved. Following the fire, extensive atmospheric tests
were run before personnel were permitted in vicinity of laboratory.

10:16 (8) Laborator Oven Fires: Astrodyne, McGregor, Texas, Years 1956 and 1957.
Possible causes of five different laboratory oven fires:
1) Igniters were to be cured for two to four hours at 1700F. Operator set

oven at 1680 C, and igniters caught fire on reaching auto-ignition tem-
perature. Corrective Action: Select one temperature scale for use in
oven roo .

2) Heater relay contact stuck, permitting oven to overheat, resulting in
propellant ignition at 3650 F. Corrective Action: Functioml check at
least weekly.

3) Auxi liary heater switch was mistakenly left in the "on" position, per-
mitting oven to overheat and ifpite propellant. Correction Action:
Replace toggle switch with one that cannot be inadvertently activated.

4) Low ignition temperature of amisorum nitrate propellant containing
EL Chemical 1834.

- 17 -
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5) Probable ahort circu~it in oven or control die to deluge water inoven, causing oven to overheat and propellant ignition. CorrectiwAction: After delvge and befbr start-up of electric own checkdryness.

10:16 9) &aReference 12,, Paes 21, 22, 23, and 24.
10:16 () Beryum Hydride -ncidmnt: Thiokol, Reactimt Ilotors Division,, 23 Dec. 1963.Laboratory hood f ire involving small amt of Bf in a hig-enrgy fuel.Reference TLD No. 0-63-1M9.

-18
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IR3)OR~TNG RAW PR0PE-UANT. )E)TRS1  TC

10:17 (1) rturk in o Castins Can - I Thiokol, Longorn
Division, Auust 1962.
A casting can contahrning 2,400 powidi' of raw, XM-30 propellant, "toppled"
from the dolly on w ich it was being transported as the tow motor operator
was executing a right turn. When the can struck the pavmont, the propel-
lant ignited and burned. The operator had failed to secure (by use of
pins) all four lop of the casting can in the "wells" provided on the dolly.

10:17 (2) ?RqdtM Emid Castin Can end Casting Hose: Thiokol, Wasatch Divi-

When transporting an mptiled casting can and casting hose on a dolly to
tho cleaning building, the tow nvtor operator looked back and observed
that the flnged nd of one of the casting hose was dragging on the pave-
ment. Sparks were noted, and at the sam tim propellant in the hose
Ignited. AU hose on the dolly burned. Propellant remining in the cast-
ing can did not ignite.

1
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CLEANING FPELIANT EJIPMENT

(Cleaning Degreaser - See 20:13)

10:18 (1) Casting Can Cleaningi IcIdents Thiokol, Huntsville Division, 30 Augut 1961.
Operator was in a crouched position inside a 300-gallon casting can scraping
the remaining propellant loose with a tainless steel spatula. The can is
placed in a horisontal position for cleaning. Operator saw a glw on the
tip of his- spatula an instant before a fire occurred which hurled iA
approximately 20 feet. Operator was off work Z.9 days.
Reference Thiokol, Huntsville Division, "Fire During 300-Gallon Casting Can
Cleaning Operation", Control No. U-A-6&-425%A.

10:18 (2) Casting Bayonet Incint: Thiokol, Wasatch Division, 23 March 1962.
Fire started when an operator placed the flanged end of a propellant-filled
casting bayonet on a concrete floor with too much farce. Cause of fire was
either friction or sparks. No one injured.

10:18 (3) Cleanin' Casting Tube: Thiokol, Huntsville Division, 22 May 1961.
An operator was cleaning an offset cating tube assembly which consisted
of two 6" x 24" arman flanged straight sections and two marmn flanged
elbows. The excessive propellant was being removed through the assembly
by forcing a clean cloth ball through the tube with 8Opsi of air pressure.
A fire occurred when the ball came out of the tbe. Investi@tion showed a
female elbow and female straight joint were assembled together and pinching
could have occurred when the pressure released. One first-aid case.

10:18 (4) Cleaning 300-Gallon Casting Can: Thiokol, Huntsville Division, 8 Sept. 1961.
Fire occurred while an operator was cleaning waste propellant from a 300-
gallon casting can with a stainless steel hand spatula. Possible Cause:
Undue pressure applied to spatula uhile removing propellant frka the bottsa
section of the casting can.

10:18 (5) Mixer Cleaning: Thiokol, Huntsville bivision, 17 October 1959.
A flash fire occurred during mixer cleaning operation while using sawdust
and detergent as the cleaning agent. Cause: Foreign body accidentally
introduced into the mixer. A similar incident occurred on 16 Janur 1959
when a piece of tramp metal was introduced into the mixer with the sawdust.
On 21 September 1960, a screen used to screen detergent into the mixer was
accidentally introduced Into the mixer during cleaning operations, and as a
result, a fizr occurred,

1):18 (6) lot, o Cae Cleaning: Thiokol, Huntsville Division, 9 December 1958.
Ini order to roclaim motor caoes, loaded reject wtort are soaked in a
solvent unt1 propollant softens. An operator using an improvised too],
ji 1CI, hd 4ust been .harpened on a grinding wheel, attempted to remove
:.;ofterted propellant from a motor case, and the propellant Ignited. It is
Lclieved the temperature of the tool was sufficient to ignite the propellant.
As a result, several motors were ignited.
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10:19 (1) :-alon of Motor 1)irg al Firims Astrodym,, iMcregor, Texas, Jua 1957.
No injuries. em o 7 Oo Possible Camest Igniter blast or extremely
hih bwning rate of Igniter caused propellar % breakup. Large burnig area
due to propellant breakup reulted in presure sufficient to cause failure
of case. 3#,000 pods at amoniuam nitrate propellant and one 1,200 gram
114 Igniter involved in this Inc 4ent.
Reference 12, page 13.

1Os19 (2) Xgoion of Motor Duzna Test Fkrins Astrodym, Inc., Mc~regor, Tweas,
0ctober 1957.
No injuries. #52,50W damLP. 3,800 pounds ammoni m perchlorate propellant.
Pouoble Causes: Failure of propllant-to-propellant, reetrictor and/or
ese bcnds, creating eessive propellant burning area and plugg of the
fbrwmd section of the gain part, resulting in excesste pressmre and

Reference 12, pap 12.

BUNIN GWUUD

10:20 (1) Slgion Dnr-_g Bumi a of Sca ]h tims Astrodyns, Inc., Xcrepi,
Texas, Janary 1957.
Aproaidtely 40 pounds of ignition mterial and 4,000 ponds of a m -

nitrate and mamum perhlorate were on burning pad and burned five
munutes before exploding. Five craters were formd up to three feet deep
and three feet wide. Ap astely 500 pounds of nbumed propellant was
recWve ; one piece weljing about 25 pouns ws fom one-fourth mil
away. Possible Came: Igniter mterials confined In cartorm exploded
to intense heat of burniz4 waste.
Reference 12, pae 14.

10:20 (2) D3"tue Ig ntion ol WtF cr rto : Thickol, Logorn Division.
A pod of waste amoium perchlorate had been prepared for later bunn

by spreadirg the perchlorate over sawst and then pouring oil over the
perchlorate. As the workmen were walking away from the pad to prepare
other pads of waste, the perchlorate pad ignited. Possible Causes Acci-
dental contamination of the mior um perchlorate with a small amut of
metal powders which reacted with moio.s air producing hydrogen gas and beat.

10:20 (3) Explosion, Bumrnin Pad: Astrodyne, McGregor, Texas, February 1957.
Material had been burning three to four minutes containing 4,000 to 5,000
pounds of ammonium nitrate and ammonium perchlorate propellant. Crater
fomed was 2 feet deep by 24 feet across. Propellant franents were pro-
jected to one-half mile. Possible Causes: 1) Combined wei&t and depth
of explosive bed sight have provided confinement sufficient to initiate
explosion; 2) Scrap other than propellants eiot have exploded, initiating
the propellant.
Reference 12, page 15.
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PROPELLANT INGEDIENTS

ALUMINUM: FIRE AN EXPLOSIVE HAZARD

11:10 (1) Aluminum Powder Hasards - Reynolds Metal Company.
Longhorn Safety Section File 341-11/206.1.

11:10 (2) Safety Bulletin No. 60.
Thiokol, Longhorn Division.

11:10 (3) Milton Cutler, U. S. Army Chemical Warfare Laboratories: "Pyrotechnics as
Propellants and Fuels". Aluminum and other metal powders. Handling,
extinguishing, etc.
Reference 6, pages 24 - 34.

11:10 (4) Atomized aluminum powder may be stored when in sealed contairers at 00 to
11 0 F and 2% to 75% humidity. Outdoor storage not recommedd. Drums
heated to 135°F should have the air vent scrowv rmoved before heating.
May require several days for contents of the drm to reach this temperature.
Reference is made to a Bureau of Mines Report, "InflaUmbility and RKplosi-
bility of Metal Powders", and a report by Hartm in "Uidustrial and gi-
neering Chemistry" on physical test. Sealed drum in storage not required
to be grounded. Recommendation on c-xtrol of atmospheric concntration of
aluinumm powder, cleaning equipuent, and wet type dust collectors.
Letter from R. H. Frederick, Regionl Industrial &glnbsr, Powder amd Paste
Products, Reynolds Met1 Ccopu, 49)0 Oak Street, Karas City, Missouri.
Addressed to Mr. Ed Brasch, Thiokol, -Longhorn Division, dated 24 April 1961.
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]111 (1) Alumin poder considered inhibited by tratment with 2% aqueous solution
of sodim fluorobate (NWN4)-etored in closed containers, ruptured 75 days
later.
Thiokol, Huntsville Division, Alab.
Thiokol Longhorn Safety & Senity Container No. 108.
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AI. .INU1'. : TSPi : ....... ARK P-DUCNG

1112 (1) tt :t 1, ct~xLte- with aluminum paint, can endt uarks when struck .-ith a metal
strikr (steel, brass, or non-sparking alloys) and such sparks my ignite
mixture n of flammable gases or vapors. The soarks are due to the termite
reaction between iron oxide and aluminu, and arc therefore produced only
in tht. presence of iron oxide. The extent of thi3 hazard denerd - n'on the
nature of the surface covered and the nature of the raint.

.*,cj klnt Prev.tition Manual", Third Edition, Page 30:17 (seveval references
also ,-ivtfn).

1' :1I? £') .,lurnriu and aluminum containing alloys ar,. avoided in plant where possible
bccau:,. of the thermite-type reactions with rust or chromium sesqujoxide.
"xplO::ivc "(lesarch awl Devc lop ent E-tablishmeit.

("t(-'r,-nce 3, jnge 48.

1 I l t) 1l . _-., of AlIitinum-PaiuiLed Iron and Stcl ;urf'tces: In view of
tjte Ixot.uti:l .:;ixrkir. hiz'rd, this office concura that almninum jaint
- hull ,l)t. b,, 1I!3ed on ferm)ut wet;z l surfaces in hazardous l(,cati'ns as
..TinN! in L.. :r-jt 603e (1), AXCR 385-22-4 (ORDIK 7-224). This rxlicy

will i-t rflected in the rt-vision of the regulatinn. The use of fixtures
and eb-ct-ical comiuits having an aluminized coated surface should not
,r,,se,, -i ha ardl; however, these surfaces should wt be repainted with

alinwui: arint.
Fle- A.Ct)-SE, Fifth Indorsment, dated 16 August 1963.
Fruit u-:C 3-erety Division to 14O0-L, Dovcr, New Jersey.
1-o'i-hor:. Cc:it.ral File No. 30-1/201.2.

.5



AIA.1NUF: ?D-XCTIOIf '. ITH I T HYDIARWS, 'LINUFL IOMYL

11:13 (1) Reaction of aluminum Ath chlorinated hydrocarbons can form explosive
cowxunds, as aluminum methyl, etc.
Lcltr froif Bureiu of lMines, 10 June 1958.
Si'oty Section File, Longhorn Division, i,1-11/206.1.

11:13 (') T-i't la)umirum and Triisobutyl-atudnum: Bulletin by Texas Alkyl.s, Inc.,
Houston, Texas. Properties, hazards uid safcty information.
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11:l14 (1) Contact. b -t.ic. Te.rlon and alnn mating parts may create hazardous
conditii ,- i! oz. prcpellants3 are inwolved. It has been kncrin that mixtures
of T, Mi n ir,' ilbxninn will burn and can sometimnes be set off by friction.
.> .1~, h '-, cated with Teflon, emit a snoke *hen screwed rapidly into

"tion", Orinance Anmnition Command, Jun.. 1,57.



ALURIIM: RLXCTION WITH WATER AW EALUTION OF H2

11:21 (I) Gassing (evolution of H2) results if water is introduced ir.to TPH-8041
(Pershing) propellants.
Trip Report to Huntsville Division of Thiokol, 9-11 January 1961, Joe
Murphey, Lnghorn Division of Thiokol.
Also See Letter to J. A. Farr, Jr., 11 Deceber 1958, from Thiokol,
Hunt-iville Division.

U1:21 (2) Gas samples were taken from swollen TRX-135D propellant do- bones. The
1ropellant was w:iter soaked and swelling indicated the evolution of gas.
Analysis showed 6Y - 70% of the gas to be hydrogen.
Thiokol. Longhorn, Laboratory Report 13 January 1961. File 332-10.
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.~:u;IuI: I~; 3&/J~:L3~SIUITIVITY IN CUMTIN PREPMLANTIs

11:13 (1) It appears the presence of aluminum in PBAA propellants does not increase
or decrease the hazard potential of the propellant. Therefore, alwiimn
is considered neither as an oxidizer nor as a fuel in volumetric ratios
ranging from 2.1 to 3.87.
Thiokol Report No. 43-59, Reference 5, Page 3, Container 108, Longhorn.

1] :23 (2) Sensitivity test on 2056D experimental six (sam as 2026 series except
that the alcohol is added to the mix after the addition of AP and resor-
cinol; ordinarily alcohol is added at the beginning of the mix) showed
samples containir aluminum were less sensitiw than the previus series
which ccntained no aluminum.
Re AerLnce 2.

ll:?3 (3) Tests were conducted to determine the hazard potential of composite solid
nro 1 1ns- of the PBAA propellant family. Formulations containing from
65 to 86.A, exidizer and 0 to 20 alminm were tested. No evidence of
3ustained detonation throughout the propellant miss was noted during these
tests. Alth, uh some formulations showed slight participation in the area
adjacent to the initiator, this participation did rt propagate through
the ,ropellant. From these tests, it was concluded that the presence of
aluminu does not increase or decrease the hazard potential of the propellm -.
Reference 11o. 5.

1) :23 (4) 3ee 25:11 (1) uhere alminum increases the hazard in liquid-carrier "qt:'-ck-
mix" process of solid propellant warnfacture when the slurry becc-ms artly
dried out.



ALUMNUM: CONBUSTION CHARACTMISTICS IN ROP ,IANTS

l1:24  (1) "Study of Combustion Characteristics of Aluminized Solid Rocket Propellants",
by B. C. Harbert and J. A. Kelle, Phillips Petrolem Company .
This report is the result of a study to: 1) learn more about combustion
of aluminum during the burning of propellants, 2) develop a research method
for measuring the effect of additite. qn the comustion of aluminum in pro-
pellants, and 3) find methods'of nodifying combustion behavior of aluminum
in castable propellants, with the ultimate goal of impz6virg engine perfor-
mance of these propellants.
Reference No. 9, Volum' IV, Pig& 211.

11:24 (2) See 33:11 (g).
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;,i., 1.II, k'i,T.72: C..1.ICAL, PHYSICAL, iND STABILITY _TESTS

12:11 (.) Descrition €.f certain teatiten, devices .'or testing sensitivity of ammonium
Perch1orate :and othcr material in described, such as impact sensitivity
devices dovclopcd .y Jet Propulsion Laboritory, auto ignition devices by
:,ocketdync, fricti:n sensitivity 3pparatuo by Rocketdyne, spark ignition,
-and 3ubsurfacc ignition devices.
-Rocketdyn. ft-4069, "leport of Special kaplosivity Tests", 14 October 1960.
Long.horn Container 1, Safety and Security Department.

.1 : () ecomx,ition of.Amovnium erhlorate: Studies on the effects of additives
on the thermal. decomposition behavior of NH4ClOL were made by performing
differcntial thermal analyses on dry mixtures of 99 1JH 4C1O and 1% addi-
tives. The DTA resultE, have revealed that additives can affect the thermal
decomposit ion behavior of NH4ClO4 in any one of four distinct ways.
Reference No. 3, page 211.

12:11 (3) Impact Sensitivity of high purity ammonium perchlorate is comparable to
that of inst high explosives. Requires the equivalent of 10 gram of
mercury fulminate or an XC-32 Detonator to detonate the dry material.
Very insensitive as explosives go, but more sensitive than the sodium,
potassium, and magnesium compounds; drop test, minimum: 86 in. for
U lb. weight. Insensitive to severe friction test. Heating small
quantities does not cause explosion; temperature of explosion = 1308C;
heat liberated = 344.5 ca 2/g. Ammonium perchlorate is thermally stable
below 3000 F. Decomposition begins at 130°C, becomes explosive at 380°C.
Hetallic contamination increases the sensitivity of ammonium perchlorate;
certain metallic perchlorates are extremely sensitive. The handling of
solution and wet solid NkCIC4 is not hazardous, but the drying process
presents a fire and possibly an explosive hazard.
NAVORD Report 7147, (Vol. 1), "Chlorates and Perchlorates, Their Manufac-
ture, Properties, and Uses".

12:11 (4) Detonability of Ammonium Perchlorate: In redesigning their continuous
mixing facilities, Olin Mathiedon ran some tests of ammonium perchlorate
to determine the hazard of material transfer between ingredient feeder (AP)
and the continuous mixer. Using 2 and 3-inch diameter by 4 ft. cardboard
tubes, loaded loosely or packed with up to 40 lbs. of AP, they placed as
many as four tubes end-to-end in a horizontal position. Variations in
tube arrangements included use of 900 bends. Detonation of the AP was
accomplished through the initiation of booster charges of 100 and 200
grams with a No. 6 blasting cap. Conclusions drawn from these tests
show: 1) The critical diameter of tubes confining a static beA of 40
microns of ammonium perchlorate is something less than 2 inches. Critical
diameter is defined here as that diameter which must be employed to give
a reasomble suarantee that a detonation in one end of the stream will not
propagate from the source throu i the bed of material. In all tests with
3-inch tube3, detonations were established and propagated the full 200-inch
1rgth. Some de4tnations were established in 2-inch tubes; propagation
in this case, however, ceased at about 100 incheo. 2) No reliance can
be placed on 901 bends stopping a ictoration in conduitn c:irrying anmonium
perchloratc. In eaich ca,, the detonation wave transferred around the
bunds :vid traveled on down the tubes. This may be due to the low detona-
tion rate as ccmpared to high explosive materials. 3) If critical
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diawters are exceeded, no reliance can be placed on employing open or
slotted rathwr than closed tubes. 4) When critical d &rmoter3 are
xct, ud, a detotiation w1ill travel the full length of the tube, regard-

leos of its longth. 5) A light blowout material is ineffective in
halting propmgation of a detonation.
Mr. Jaines C. Bar, MNuagert Development arnd &gnearing Branch, Olin
Hathieson. Refeece 1o. 7s Ppe 3 - 4.

12:111 (5) m of 13W0 Raefot. kp Yiv ftnetigs 9C Ammniu Porchiorate",
Table 1. Experimtal re lt aM reem tons are given. imuxtal
reilts include sch data &a: man impact sensitivity, minimutm booster,
criticd dameter, detonation *mIoci~.y high velocity impact test, detona-
tion velocity, hida velocity Impact .est, detonation pressure, card gap
sensitivity test, and sympathetic de;.patin test.
Letter from H. W. Ritcheq Vice President, Rocket Operationes, Utah Division. -

2211(6 Lj bghnism of &M6e Un ga.M orahl by P ysond
Friodwan id Joseph B. LaF, Atlantic Reear Corporation.
Results of new deflagration experJmsnts with ainnium perchiorate, both -

pure and catalysed, are given. These include studies of rates of defla-
gration, surface temerature, and effect of incident radiation on defla-
gration. Aoonim perchlorate will not normally deflagrate below 22
atmo'qheres. Hocevei a radiant-eating apparatus (shom in Figure 4,
Page 366) was foudrs to produce conditions perndtting steady deflagration
at tAw--.Iiric pressure. (The radiant-heit source is a 1000-tt lamp.)
.refcrm.nce No. 9, Vol.iXV, Page 351.

12:11 (7) Lnitct laiitivit becime. critical in cases where the sludge (AP in
hem-authydisiloxane) is not p tel vetted by the carrier (a fact
substantiated by analogous test with A? and kerosene reported by the
Lhweau of ines, Reference 2). Their attapts to initiate detonation
were successful only am there.were voids In the sludge caused by
IncoUrlete wetting or entrapped gas or vapor.
Tocketyne "Report of Special Explosive Tests", page 30.
Crontainer 1(W, Longhorn.

11:l1 (11 ) No Iition of Dust Clouds of aavnium porchlorate could be obtained in
air .t normal temparatAres and pressures, either by high voltage elec-
trical indaction sparks; by electrical condenser discharge s;arks; by a
(4I,-volt., a.c., 7.5 ampere) carbou .irc; or by the timed flame of a 75 r.r.
tuft. or . ticotton used in the tent c'uijst't. Dust clouds of aionium
pe.rdIlorati- were not i.n-it.d during, rapid disper.-l of rial quantities
t -rowii tl,. lahuratory funmace whirh Was heated t.n various ttviperatsires,
r,'.-ii, up to 9500C. ltowover, du:;t clouln (1 oz. per -,tibje root) at,
to,i t,,i'r.,ire of 1000C and one .tjao:;?hcric ores:are, u:hin, :L:)
SIt;ILion .;.,,,C ,.,.w from "100 in:. url 5W) ,ig. .tftn ,* ,u,,c.t)Lon resp,,:-
Li v.ly, wivn igza ted .ul rLbtivuly mild explosions rw :,l: .% dthin the

114-00 ten. L

Bure:u or Plin.::, Report No. 3705, 5 3eptenier 19'%5, Containur 106(, Lonr.ho,m.
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A:~:OIUI*. IL ~ : LUI Ii ILAZARS IN HANDLI? AND 3 MAE

2:12 (1) Detonation of two DM o1f Mon er oat in a Ske ba is believed
to have initiated by high velocity particles rather than by the detonation

S ~wave front from a mixer ezplosion. Olin Mathieso Chmical Corporation.
Minute3 of TU5C Keting, 15 FebMary 1960, Saf ' Md e SeWity D -0-01- *

I File, Longhorn.

I 12:12 (2) Detonation of iWrAMm oerchrat is demotrated by fin an SH x 38"
steel cylinder with a plate welded on one and and initiating with an
ex-1o-dve dharpe. Huntsville Division, February 1960.
Ylinutes of T&SC, February 1960, Safety ad Security Dept. File, Longhorn.

12:12 (3) The bulk density of amnonium Derchiorate enlosives has a considerable
effect on the sensitivity of detonation.
(1909) Reference No. 1, pag 136.

11:V? (4) ,\ononiu Perchlorate Storaj zard: A study to evaluate the hasards
connected with uoniu perchlorate storage and handling was coadted
by the Utah Division of Thiokol Chmima Corporation and Intmmnatiowl
Research anTd Engneering Company, In. This study shows that the
critical detonation diamete of powdered amoima perchlorate is in the
order of 5" to 6". and that the detonation velocities approaching 4000
meters per second are obtainable in diameters of 2' and above. As a
result of these studies, eight reoo ntlos for handling smooi
perchlorate were nade. These reccamdationu establish higher safety
standards for AP storage thn are now in use.
Letter, dated 24 Ihrch 1961, from H. W. Ritdey, Vice President, Rocket
Operations, Thiokol Chemical Cor;poation.
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AWf~ONI1R4 PMRQLMAT&*: SENSITIVTY afa = = YCMTL

12:13 (1) Decompoition of anonium pereboate in fairly rapid 0 2200~C, still
more rapid at 2400pC, bt neglioble at 21001C. F6C has a negative
catalytic effect on the first deconmoition. stop om positive
effect an the second step.
Reference 1, pape 207.

12:13 (2) KnOi2 increases the resistance of ammoniai perohiorate to shock*
Reference 1, 1910, page 337.

12:13 (3) Traces of INH3 sats and culorates in NH4CWD4 are to be avoided due to
fbrmation of sensitive N%~CW 3.-

12:13 (4) The sensitivity of perdulorate explosives may be increased by small
amovts of iupumrt.s for amplep IL trace of cupric chloride.. or
.005 to 1. C% of an alkali or alkaline earch chlorate, will. gretly
diminish the resistance of 3i1 LO4 to shook .. This is believed to be-
due to the formation of ILCLO a very unstable compound.
Reference 1, pages 235 - U36 also Reference 6, page 1.

2:13 (5) Amnium perdulorate was founi to -be most sensitive to ignition at a
moisture content of 0.00% to 0.5%, particularly when it is contaminated
with copper and possibly in the presence of other metallic contaminants.
Reference 1, page 215.

12:13 (6) Additional safety precautions taken at the Western Electrochemical
Company's plaiut included rapid drying through the 6ritical range of
moisture content (O.CeA - 0.5 ).-
Reference 1, page 216.

32:13 (7) Copper chnr)mIte Increases the ignition susceptbkllty of ammoniium
perchiorate dust. Annonium perchiorate - copper chromite (dust mixtures
in air, ammonia - air,, or ammonia - nitrogen are ignitable by spark
ignition. A gas explosion above a propellant mix can readily be
propagated to the propellant if oxidizer dust is present. These
phenomena do not occur if an inert atmosphere such as nitrogen is
mintained above the mix.
Reference 3, Page 37.-

12:13 (8) Cote Annium erchlorate: Ammoniumi perchiorate coated with 0.2%
tn-calcim phosphate, and containing no organic fuel imprity, can-
be detonated. !Ie have good evidence to support nur belief that a fuel
impurity is not necessary.
YKr. Jams Barr, Manager Develomnt and Engineering, Olin Mathieson.-
Reference 7, page 5.
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12:14 (1) Maximun Brisance: Variation in the nature of the combustible igrediets
have a very marked effect on the optima charge density required fbr
maximum brisance. Some mixtures require high ccmprsion; in others,
muaximma brisance is obtained ihen the charge is entirely uncomqeed.
At low loading densities, the proportion of organic material to 4sidiser
my vary over a wide range without any appreciable effect on brisance,
thereas at higher densities the brisance is decreased by Increasing the
organic mterial to a point %here a deficiency of igmn results.
Reference 1, page 236.

12:14 (2) Oxygen Balance: According to two inestigatore, the "wcygen balanoe of
ammonium perch lorate explosives should be between 4% and 6%.
Reference 1, page 236.

l2:14 (3) Critical Confinement: In the past we have discussed critical depth and
critical prseaure as regards to transition from deflagration to detomation.
A restatement of this my be in order. It is, in essence, a combination

j of these two, and maybe we can call it critical confinment, maning that
a fire is underneath the surface of the propellant, and the physical masa
inertia of the material is such that it contains this fire until a given
deflagration transposes to detonation.
T&SC minutes, 15 February 1960, Longhorn.

12:14 (4) Tests by 000 and Thiokol on PBAA propellants indicate that there was no
propagation of detonation in any of the samples, but there wa some

I participation in one special foruulation containing 100% grou adiser.
This indicates that particle sizej as well as the percer+ oddiser,, must
be considered %hen detemining the hasard classificatic. of propellants.
However, this problem is not serious, since fonmlations cotaining ground
fracti ons great enough to cause extensive participation of the propllant
in detonittions cannot be successfully processed.
Thiokol 2oport No. 43-59, "Special Report Detonation Characteristics of
FI3AA rropellants". Longorn Container No. 30.

12:14 (5) A very mall amount of ammnium perchlorate (2%) wa mfficient to bring
the sensi tivity fiSure (of a NG/NC base plus acetone plus resorcinol plus
a]cohol) down fTo. above 600 m= to 200 m (5 kilo wt., or .( gr. ample).
Below the 50% level, the positive sliding rod test (10 lb. cylinder or
"Ttvjx-do" 0.1 gr. sample) gpve only crackles and brnings, -hile at 50%
and above the positive tests were sharp explvsion or detonations.
Reference 2, Container No. 108s, Longhorn.
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12:15 (1) Amoiu perchiorat. W fowt to be ant sensitive to ignition at a
wistare cintent of 00 -. 5$
Refermnc 1, page 215.-

12:15 (2) Use of desiccantsiIn tote bins is assential, according to test on
Aeroet-typ. cacdl at Abezen, Xsslsuippi. Neno by Proess -

Dselopwmnto 19 Apri 190 F1. S0/C, Containr No. 108, LaMpaorn.
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F-SITIVE NIXTURES- UITH SOLVENTS

:16 (1) Amiiwnium perchlomte, when acetone wet in the range of 10% to 20% by
weight, becomes xtremly smsitive to impact and friction.
Reference 2.

3

*1
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22:1- 410 -• . E. Hangr, ICC, "mThere's

noboq ~ ~ ~ ~ ~ t thth paldt W hip perchlorate in algan; as
t" "s I kww the Burau of D*o4v_ never ism app chd _a this

P .ft I don't" think we wuld do it without smn sort of a lner, if
1 6It at all'. Mr. R. P.e , R-"O#-AND Potash and Chemical Com

l~e'r thela~et ae rz of AP and have done sme m- okwth rocket
ers an *tpph g in bulk containers. nmely, nestabin, sealbin;"

U"le Onluati.n w* haG been dui on, yo ,laiser bin. We haye.

aPV1to ship In &1=in totsin and in'w-ta bin.M . Dr. f1,
lerus Pbwd CmpW, "we had an Incident where an almina container -
pt hot enouh in & ZeMeMI fire to welt wa got involved in this
a monlum nitrateje the results were not pleasant".
Reference 7,p c Pam18. lahorn Safety Security File 34,0-1/304.4-. -

e. -

t - t

~ 3JIW~bi~L CI~TAUZ1!

12:1 (1): N. V.3. Hiiner, CC, ~rl

tht as ppeaed o th toabipperhiorts n alniw;,aha a I ~v im. ureu o bplsive ls ve bon ajroalwdon he
wobem I n'thi~ w~~ddo t ithitacm srt f 1i ~- i



12:21 (1) The (Iiatvoniu m !mrchlorate of -heylenediamaine wa reported in 1910 to
be the most~ cxPlOsiw* OabstancO knwi.
Reference 1# page 66.

:12:21 (2) Amine Perchloratst Nrchlorates Of & great nuibwr Of aeromtiC mine
will either vobAtilise or decompose when heated slowly. HOWever, if
they are subjected suddenly to high te*pertWre thoy wdi ucplode.
Reference 1, Pages 64 - 65.

12:21 (3) Methyl,- ethyl, and prowl1 verchlortes afe wy sensitivs to beat, shocks
NAn friction and amrexatraordinarily explosive
Reference 1, pages 67 And, 214.

1 l1:21 (4) -LdghlorM2&hZv irdihml fOrm perd lctic acid with water; it 4xP2odON
4 when heated and also at room tmperature when in contact with alcohol or

other organic subst~unces.
Refercnce 1,, page 214.

r2:21 (5) Qmi-cclae Incident when handling. See 33:11 (10).
];':?-1 (6) lliytra-:-In- Perchoate fire in Septa~er 1963, Wasatch Div~sicc.
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V,22(L) d or Silve Perchiiatet Varius complem Of silver Or l44d Perciorate'
L2:2wit orpaijo comow~os &"' Itablo to .x~dft

fotame 1. pace 209.-

2: 22 (2) O dt e wfhas beft ftamd to be pariulaurly =sitable.

12:22 (3)hW i (W1O 4)9 Thiokol9 liwatville Diiin 7 Feb. 1958.
UMiMowhderping g~ng studies in a 25007 oven9 a sple SWjted and bl~v
open then door.
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FU&S: PEAL. LP,- NAFO. £ETIC 015. RADIOACTIVE HATEMAL MWAL

13:11 (1) 14AR) aM 8011nim Perchlorate are not omptible Thes* two materials *en
mixed together uniergo Spontaneous; combustion-
Trip Report, Huntsville Division, Thioo, January 9-11, 1961, Joe Nurphey.

13:11 (2) Addition of energetiic additives as light =tal hydrides in binder/odiser
qstom: Mention is wade of the work being don by varow camai as oc
different additives, e.g.,9 stabilizing coatings for certain hydrides, de-
sensitizing LiAlB~, etc., and mcp i-Urg. Sixteenth JAW~ Solid Pro-
pellant Group bulltin is referred to for greater details.
Hr. Barr,9 Olin Xtbieson. Chnica1 Corporation.
Reference 7, papes 5 - 9.

23:11 (3) HI wr Bl Papers deal with the tbllomdng fuels:
(a) ftzql-oaumizma Compounds and Alium ffydride Comlexes of Tatrasoles

wAn Hrazines. Page 19 Vol. IM. Refenwe S.
(b) Light Metal if drides and Their Vinyl, Etbyl and Nothylens Derivatives.

Page 9, Vol. M.I Refrence 8.
(c) Derivatives of Bo-on and Alma Kijdride. Page 23, Vol. Ill. Ref. 8.
(d) Hydrauine Nlono and Dborage. Page 35, vol. III, Reference no. 8.
(e) Synthcsis and Frulation of BN Components of Solid Propellants.

Page 49, Vol. III,, Reference No. S.
(f) The Preparation of Alulim Hydride. Pape n. vol. niI, Re. so. a.

13 :f (4) Hi&a Ewar Solid Propllants; Containing &cpaktdMterials.
Vol. IF, Page 23, Reference No. 8. (Aer,et-Genaral Corporation).

13:11 (5) High Energy Hydride Solid Propellants. (Huioes Tool Company).
Voiwin IV, Page 65jo Reference No. S.

13:11 (6) Research and Dewlopmont for Carborans, Propellants.
Thiokol - Vol. IV,, Page 87,, eference No. 8.

1:11. (7) Hiigi Plymer, Hydrazine Based Solid Propellants. (Bell Aircraft Corp.).
Vol. IV, P 155, ReftrenceNo. S.

23:11 (8) The Effect of Metal Additives on the Combustion and Performnce of Solid
Propelhants. This paper In a general review of the effect of mtal addi-
tives (to increase the specific impuls and density) on pqelits.
Exprimntal technique, #Pm*ogaWph staie s# c sk as characteristic.,
effect on unmtable bwning& ignitibcllity, aesaitivity, and detmubility
are disoussed.
Jet Propulsion Laboratory. Reference No. 9, Vol. IV, page 1.

13:31 (9) Chemical IPoifications; of Polyurethane Propellants. Several rwferences
also given.
Jet Propulsion Laboratory. Reference No. 8, Vol. V,, page 71.

1.3 o. 1 (10) Reaction Motors, 13 June 1961 (Division of Thiokol Chemical Corporation).
Two cubic inch mixer exploded as operator was adding YAR) to experinental
orntnic perchlorate propellant. Operator lost, sm fingers, susntained
other injuries.

13:11 (11) h lO - Ni410ClO. Caability 3tudIics by P. 0. Blackwell,, Thiokol Chermical
Corpration. TM-239, Control No. U-A-61L-3204.

12:ll (12) "";-P0 - 1H 1 04 Cmpatbility Test. * e Technical Note 11-63. My 139
1963 , by t. I. Dolan.



MIS (Cortin )

13Mf (23) Soe 10:11 (24~) M .P/hoiua Perchlorate Sensitivitys

13:12 (1) Processing of "Flid Ball" Composite Base Propellant, by R. £.Coffee,
C. R. Culverhouse, and R. C. Cook. Olin Mathieson Chemical Corporation.
Reference No. It, Vol. IV# Page 255. L

h

PYRtUTECHNICS

13:13 (1) Hr. hilton Cutler, U. S. Army~ Chemical Warfare Laboratories. Pyrotechnics
a, propollants and fuels. Dryinr; mixing ant blending, dust, bulk, etc.
nefercnce 6, pages 24 - 28, Thiokol Longhorn Safety S ecurity Dept. File.
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BURING 1RTE CATALYST

14:10 (1) The effect of metal additives on the combustion and performance of solid
propellants is summarised in this paper. Combustion characteristics of
many metals used in propellants, whether they be used for ballistic modi-
fiers or performance increase, is given. Ccmpatibility of the additive
in the sense of chemical stability of the resulting composition is dis-
cussed; for instance,, alumina used in polysulfide-auwnium perchlorate
type propellant is limited in the sense that compositions cotaining more
than 8 wt% produce excessive gaoification during cure. Effect of metal
additives on shock sensitivity, ignitibility, and detonability are areas
in which effects are not clearly understood and defined at present. (Jet
Propulsion Laboratory), Roference No. 9, Vol. IV, Page 1.

14:10 (2) Burning rate modification of double-baso propellants. A. X. Jacobs and
J. H. Godsey, Hercules Powder Company. Paper deals with lead compounds
used as burning rate modifiers.
Reference No. 9, Vol. IV, Page 41.

14:10 (3) Modification of Burning Characteristics of Solid Propellants. Frank
J. Kushibab, Thiokol Chemical Corporation. Alteration of the burning
rates of solid propellants is being studied by two general tachniques.
The first method is the incorporation of selected additives (pyromeflitic
acid, cobalt, etc.) into the propellant compositions. The second method
involves the study of the correlation of chemical and molecular structure
to burning rate in liquid polymer-ammonimu perchlorate system. Results
obtained Irom these two approaches to the problem are summarized.
Reference No. 9, Vol. IV, Page 79.

14:10 (4) Factors Governing Buming Characteristics of Composite Solid Propellants.
Atlantic Research Corporation by R. Friedman, J. B. Levy et al. Factors
which govern the burning characteristics of composite solid propellat.
are discussed. The results of both experimental and theoretical investi-
gations are used as a basis for conclusions and hypotheses as to the
mechanisn of coubustion. Included in this discussion are the effects of
burning rate on pressure, particle size of inorganic constituents, cata-
lysts, and heat transfer by means of metallic wire.
noference No. 9, Vol. IV, Page 97.

14:10 (5) Plastic froupllants: Compositions of Improved Performnce Covering a
Wide lWwge of Burning Ratos, by B. H. Newmn et al. Dmplosives Research
and Development Establislment, Waltham Abbey, Essex, 1igland. By varia-
tion of ci, dent particle size, and by choice of catalyst, in the basic
for aation amwniu perchlorate (82-9)/polyisobutens (9-15%)/qrface
active agent (1%/catalyst (0-2%). burning rates in the range of 1.67 to
0.67 inch/s. (at 1000 p.s.i.a.) bave been obtained. Of the catalyst
studied, copper chromate was outstanding for increased burning rate, and
titanium dioxide was the most effective resonance suppressor. For burn-
ing rates in the range of 0.6 to 0.15 inh/s. (at 1000 p.s.i.a,), some
of the ammonium perchlorate is replaced by ammonium picrate. Other cata-
lysts are discussod.
Reference No. 9, Vol. IV, rage 127.
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BWMN RAS CATALYS (Continud)

11Io (6) tErision of Pte omposite Proellts (utilizig apol~tdene-arlc &ad "PSA. type oopo mas ".the bine) of the
1ae type.- Olin Mathieson Chemical Corporation. So investiga-

tion wer also made on propellants cotain, binders consisting of a
polybutAdiewn-xtyren &W c acid terpo2ppmy, modified polyisobutylmne
or po1yuethane piepo1m. Other studiJs ocerned effect on burning j
rato and pressure wcomnt of kmou t and particle sise of the amim
perchlorate, use of alminm and several inorganic boron materials as
werisers, and special additives for burning rate enhancement or depres- I

sion. _

14:10 (7) Burning Rate Modification Studies. bin & Haas Ccmpary. This paper deals
with the dekene and dekasaw-type decarborane derivatives. increased
buming rates result Ahm added to nitrate ester-type propllant. When
dekene derivatives were used as the sole binder with amnium perchlorate,
vary fast mad reproducible burning occurred (3.0 In/sec. at 1000 psd).
Reference No. 9, Vol. IV, Page 177.

14:10 (t) Burnig Rate Miodification of Castable Propellants Comprising Aiunium
Perchlorate and a Polybutadiene Binder. J. P. Black~wll, Phillips
Petroleum Compan.
Reference No. 9, Vol. IV, Pae 193.

14:10 (9) Suppression of Combustion Instability by Che:rl Additives, by
H. Choung and R. L. Lou, Aerojet-Geral Corporation.
Reference No. 9, Vol. IV, Pae 233.

I



:1) (1) mat- (highi energy oxidizer). &bPlosion Occurred

whkrcdiciiij- size in a miotor :tnd pestle.
!!tIltsviUEf, Alabama. C. No. c-A-60-6887.
Contaiiner la"), Lon-,horn Safety and Security Department1.

14:11. (2) jwpxtL ensItivity of §owu PErchlorate Provelhv~g Table 3h~ds the impact
sorisi tivity of various formulationr. with lithium perchiorate,. anmionium per-

chloraite boron, aluianm and coppcr chromite.
Rleference No. 3, page 76.

14:11 (3) Lithixmi Ar.onium Hydride: Sponitaneous fire occurred in a waste barrel
behki the Chemilcal Laboratory, Huntsville.
See Accident R~eports andI Abstracts,, Thiokol-Huntsville,. C.* No. 60-09490.

1I4 : U (4) Se- 10:12 (20). Propellant cure incident due to presence of aunonim
dichromiate in the propellant formulation.

Rcfer,nc No. 12., page 58.
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15:10 (1) Symoum M H!. iji j 04dizers: Papers dea with the fbilowinF, high
ecnera cotidizers:El

(a) Direct luorintion of Orge.i i I-or mic Compounds. Vol. Il, O
t"e $Is Refer~ence Nlo. a.0

(b) Oxidizer Synthesis. Vol. III, page 91, Reference No. S. -

(a) Fluorine Containing Oxidizers. vol. in , page 10, Reference N]o. 8. iO.l

(d) The A)rect Fluorination of Nitrogen Comons. Vol. Yn[l, page W!j-
Re-fence No. S.

(e) Heats of Formation of 3=me Dirry Fluorides of the Litlt wements. 0:
vol. w1, Iaic 15 Reference No. 8.

(W) Phyncl and hcmrcg. Propertie3 of Nitronium Perchorate. Vol. I,

page 139, Referee No. 8.0

(g) Thze Thermal Decomposition of Nit"onium Perchlorate. vol. ni, page 0:
~169, -Reference No. 8.

(h) Hydrazine Perchlorate Oxidizer for Solid Composite Propellants.I
Vol. III, page 17O, Reference No. 8. ef

(i) TEheil Perchlorate Coofination Compo unds. vol. I, page 187,
Reference No. 8.

(J) Synthesis of New Inorganic Ozoneder. Vol. III, Page 195,,I

Reference No. 8.

15:10 (2) See 10:o (5), N2Oi4 Oxidizer Incident.

15:10 (3) See 10:13 (6), HF2 Oxidizer Incident.

15:10 (4) See 10:16 (9), BeH2/ fih Energ Fuel Laboratory Fire.
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I PROCESS HAZARDS: SCREMING, MIXING, FINSHING. C.

V RU ING AND I,'D3hG OXIDIZER, CMUNG AITS. ETC,

:10 (1) Grinding Ammoniu Perchlorate: Thiokol, Huntsville Division, 12 Jumb 1958.
Fire occurred when feeding cxidizer to a micro-pulverizer. Bolt head, appar-
ently rusted by cmidizer, had failer. into pulverizr.

10:30 (2) Grinding Amonium Perchlcrate: Thiokol, Humtsville Division, 4 December 1959.
A fire occurred in a micro pulverizer during the grinding operation. aumses
Undetemined. Automatic deluge systen extinguished the fifre. A hopper screwn
was not used at the tim.

20:10 (3) Grinding Am0uM Perchlorate: Thiokol, Huntsville Division, 26 Jim 1959.
During oxidizer grinding operation, a V-belt transmission drive on the feed
mchanism overheated and burned. The AP in the hopper or the ground A? in
a contri-ner did not burn. Approximate Cause: Friction on V-belt dae to
aisalinsent or slippage.

0:10 (4) Explosion of Electric Motor in Oxidizer Pro ess- n Cell: 8 Septaber 1949,
Aerojet Engineering Corporation, Ausa, California. One fatal injury.
Extensive building damage. The explosion occurre in a 1 HP electric motor
(approved for hazardous locations) into ihich potassiim perchlorate had
infiltrated and become contaminated with lvbricant in the windings. This
explosive mixture was ignited upon starting the motor or shortly thereafter
by unprotected attendant. The motor was used to drive an ice crusher into
vhich perchlcrate is first charged for crushing. (Grindin operations are
'ciformx with personnel at separate, barricaded locatios.) Silicone
.-rea:;,, wan bcing used in bearings of oxddizer processing equipment. Since
it was demonstrated in this explosion that perchlorate dust infiltrates a
ovle,! ele'ctric motor over a period of years, taking of tachometer readings

at oxi,liacr grinding equipient, eve. with the hopper uncharged, my present
a personnel hazard.
Reference 12, page 54.
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20:11 (1) Discossion fb~lad*ng a paper SLY= by Xr. C. Jame hrr, NMnasr Olin i

&Athieson Mhmloa Corpasatiem., on MDetombility of Aiinixn Perchlorate
and ?rqgaticn of the Detoamti l. Mr. Banl of Hemc s Powde Company,
ake4 if ywcrk had been da n thAn Wers ot AF as you get a a
3_ptaon feeder. Ms mmr we, "no, tests wereson thicker layers".
(Teste. hovd that no rll&n* can be placed on 90P bends stopping a
dention obAts or: A? in 3" tubes 200" long5 the critical
diameeeIs, .apparntly, as in 2" tubes the detonation ceed
at abut 100".) Dr. Bll pointed *t in transferring AP, a thin lawe,
as you weuld have in =IN a OvSntron feeder, my prevent propagation,
'diereas a screw or snlng es would not. For test details by Olin
Matheson, see 1211 (A).
Referme No. 7, page .

20:11 (2) 3baatn o& 96egsiA Hma' ad PaM St Convyvim a o f idm
haek: It is claimed he.dling colt and less personnel exposure can
wesaCt if pimmti "comqlng Is utilized. Two principal precautions
an aees, s static and foreign material. Static accuulations on
propellmt (mokless poler) being conveyed can be dissipated by control
at the h'uiditY. Inwstitlk s have proved that if a certain minim-
differential is mintained bo n the velocity at hich the air is moved
through the ystem and the velocity at which the propellant mves throuh
the sYstm, the fl of ay re-nited granules of propellant will be
"snuffed out" upon entering the .sytem; and it is not possible to propa.-
84t a coobusticn to sptem. Studies with a flaw propagation
with a pnemtc eoming sytem revealed the ignition of a propellant
stroam is not poseible with the flame from a 2000oF o7aotylene welding
torch %ben a minim air stream velocity of 6000 f.p.a. is maintained.
Kr. J. B. Settles, Hercues Poeier (ospany, Reference No. 7, pages 74-81.
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120:12 (1) Outline of the mdical ai safety steps to be taken in handling mterials
used in propll-%nts. Toric properties of nitroglycerine, resinous ful

I binders, Styrene monomr, polyurethane, isocyanate, beryllium, diborae,
A lithium, and alminum.

i Dr. R. N. Duguid, Scientific Director, USANIL, Arr Chemical Center, N d .
I Reference No. 7, pages 46 - 53. Longhorn Safety & Security Dept. Container.

20:12 (2) Hydrogen Sulfide Evolved When Coloidisina: Thiokol, Wasatch Division,
December 1961. then colloidizing LP-205 and sulfr , two men were overcome
by hydrogon sulfide fps. Heat generated durine colloidization hastens the

I formation of the gas.
J Reference: Mcmo from Wasatch Division, 6 December 1961.

120:12 (3) Evolution of Wren Sulfid Gas at Coer 2 didin: Thiockol, Hmtsville
Division. After colloidizing a mixture of 5 and sulfur, an operator

I was stirring the mixture by hand, became dizzy and fell# striking his Iad
alinst the concrete floor.
.erandu 24 April 1961.

20:12 (4) eion: Toxic properties considered not so severe as once thonght to be.
See Medical News Letter, United States Navy, Vol. 33, No. 2, pag 21.
Safety File No. 2/500.

20:12 (5) Tccicitg of NOa L: lovetwr 1963.
A.S.C. Limits: Instantaneous Dose - 25 micrograms per cubic meter.

Average Industrial Plant Dosage - 2 microgrm per cubic
mster, 8 hows.

Averate Out-of-Plant Dosage - .01 microgrms per cubic
mter, 8 hours.

.49 -
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20:13 (1) A1"aJ.im nPungh" Rod: Dope house fire, 6 Septenber 1961.,
A fladh occurred when an opet "punthod" a lump through a mild steelgrate with an aluminum tap. Later tests provod the aliminua tamp (Con-

taining 0.25% copper, 0." silicon, 100% m esiva, and 0.25% chromium)
wiU spark readily ihen it str bs steel with a clancg blow. It is
stated the aliuimnvi Is "n. Recent tests Indicate that Paso-
ttcally all ccbinations of mst4 couples can cause ignition of ecplosive
atmopheres by impact. Alloys are particularly prone to cause ignition.
OuLy pure soft aluinua tips should be used on tamps.
AM plosive Inc dent Report Po. 38.

-203 (2) La Thiokol, Huntsvlle Division, 20 March 1958.
A xnor emPloslon occurred In the wpor degreaser at the beginning of the
work shift. Approxiamte Causes Auto-iition of the sediment uhich was
settled on and around the empo0ed coiS. IVition temperature was tetod
on oe sample and found to be 2& . Amlysis of a sample ws as follows:
Chws DG* COW* A U? I0 Al. Powder -14.09%j Then=a- 17.35%;
Mtal Silver and Unknown - 14.36; Miscellaneous - 13.2%.

20:03 (3) Vanor Deareaer Coilss Thiokol, Huntnvile DivIsion, 14 Janury 1958. "
A fire ws started by an operator chipping the cured sediment from the
coils of a degreaser distillery with a screwdriver. The major portion
o contaminut ms found to be =ddiser and aluninum.

20:13 (4) Trichloroethylene upors can form flmble aixtures with air at ataos-
pheric resres and at tempeatures above about 860F. This teqmeratw
corresponds to a lower limit of flmmbility in air of about 12.5 volvme-
percent trichloroethylne (air saturated with trichloroethylene vapors).
The higher upper limdt is believed to be 90 volume-percent (at 1800y).
Reference: Bureau of Mines Investigation Report No. 6190, "lambility
of Tridhloroet'lene".

50-



MIXING MUMRD

WH3 go Other Comustible Gases ddielir Dust, Initlation Ovr Propellant

21:11 (1) §olvent Pbs I amo Tt: Indian Read, aryland.
EDeriments revealed that In mut instances, a vapor phase i1pdtion o
a hybrid formulation (formula coatainin MG, AP, 6, and other ingredients)
Will ignite the mix hich will bum ve' rapidly ith high heat release.
Referonce No. 2.

21:11 (2) gM l AP Dot Am !o n tdee Aeroet-aenral, August 1957.
Oxidizer dust shifts the apltsive lia.ts of cubustible gases in the
direction of lower limits; "safe" Sao mixtures in the presence of
oxidizer dust become explosive. Tests prove thatt 1) an explosive
gas-oxidier dust mixture can be generated over propellant sixs con-
taining WTUA and AP. Analysis revealed that these formulations not onl
evolve an appreciable mount of amenia, but also mll amounts of low-
olecuLar-veight ketones, aldehydes, oxides, alcohols, and traces of

hydrogen; 2) the gas dust mxture can be exploded b an electric spark;
a 3) the gas-dust eplosion will rropaaate to the propellant ass.
This sequnce of event, initiated bk an sletro-st~tic spark, wy have
boon responsible for the mixer exploon on 10 August 1957.
See lOt1 (9), Reference 3 pages 31 - 38.

21:11 (3) Tooting D icos -nd *o A" fla . A saturated acetone-ethanol

atmosphere instantanea I s ibi a a M . The addition of amm
perdlorate supension eaioud the exiftonn to be moe vigoous, bt no
detonation. Ignition of a double baess popell mx (W and M) b bu-
ing acetone-ethanol-oniiu per Iliate atmasphere 1. difficult, but
i.pnItion of a hybrid mix In very aW.
Reference No. 2.

21: 11 C'. "Whn the a r in the explosive gas mixture (ovor propellant in a mixer)
was roplaced by nitrogen, the initial gas explosion leading to propellant
0.pition did not occur. Henes, it appears thnt an efficient nitrog sweep
ov.r the |xopollant mix i.5 an effective method of minivising the gas explo-
slon hazard durhne mixing.
Aerojet-Gmneral, Reference 3, Page 35.

21:11 (5) Gcms-hh.-e-initiated explosiom occurred with AMP.26.2AF* propellant forw-
Uted with aml without al&nUaim. oving pictures obtained with convmn-
tioml and high-speed ceras showed the sequence of events leai tothe
explosion. This sequ was: 1) a ams-oxddizer dust wiplosion, 2) a fire
in the oxidizer stream, 3) i nition and explosion of the propellant. The
time interval between events nd the nature of the explosion differed consi-
derably. The Interv-ls were comparatively long with the propellant& con-
tainirg no aluminia, and the explosion we af low Intensity. Tests run in
1aboratory mixer.

Reference 3, Page 37.

*A polyurethane binder, an amine cross-linker (wd ethyl-

trihydroxypropyl ethylanediamine, i.e., MUL), ammonius perchlorate,
and aluminum.
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1 aM Other Cofustible %M&ueser Dust. n ation Over Pf, vellnt (Contnued)
I

- Co
21l1 (6) An ridiser strom to carry fir.into the propellant was is apparently -

an essential eemnt in the propation process. (Sploding of cobus-
tible g's mixtures over propellant; iwhle mixing was in progress, did not 21
ignite the ellant; but -opllent iWition Invariably resulted when
both the aeploive gas mixture and oxdiser dst were present.)
Reference No. 3, pages 35 an 37. -" 2

21:11 (7) Tables show the capouition of gases evolved frc propellants during
lddng, their flaability lindt , and the wcP i~veness of dust (oddizer,

copper chromite, carbon black, alminua, etc.) in various gas atwspheres,-
including nitrogen.
Referne No. 3, pase 39 - 40.
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M'IXING HAZARS (Continued)

Contamination-Chemical, Forein Objects

21:12 (1) Experimental tests were run with a one-pdit mixer (Baker Perkins type),
to determine %bat factors are most likely to butiate mixer fires, All
tests were made with a propellant oontaining 85, AP and 15% binder. Nstal
turnings 0.00 to 0.055 inch wide aid git 0.039-0.078 inches In diamete
were added to the mix. No fires or evidence of propellant decomposition
occurred during thege tests. rhillips Petro wmuC mny.
Reforence No. 3, pagos 77 - 78.
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Oxidizer Concentration, Settle -Out. Voids, Wetting

21:13 (1) See 23:12 (1) for the hazard associated in a liquid-carrier solid propellant
mixing process, when ammonium perchlrate and aluminum are permitted to
settle-out.

21:13 (2) For coidizer concentrations which change class of propellant, see 31:12.

21:13 (3) Voids: Detonting potential of LP-33 fuel/ammonium perchlorate propellants
*hen in a state of high porosity as during processing. Samples tested con-
taining 82% amionium perchlorate by weigit or less, showed no evidence of
even partial detonation.

Details of test method given. Huntsville, Alabama, 1955.

Reference No. 3, page 7, Container 108, Safety & Security Dept., Longhorn.

21:13 (4) Oxidizer!I.uel .Lat.o Hazard Class. Teat: Detailed tests are given which
prove both cured and uncured TRX-135 propellants, having a 2.24 to 1 volu-
metric ratio of oxid.zer to fuel, only burn; and structural damage would
result only whern buildings are improperly vented or odthout reinforced
concrete walls. LP propellant.
Reference No. 4, pages 1 and 3, Container 108, SO Department, Longhorn.

21:13 (5) Large tests with 77f oxidizer have not been conducted - OCO. Sufficient
tests were conducted to qualify 74% or less oxidizer as Class 2B.j Container 108, Safety and Security Department, Longhorn.

21:13 (6) Attempts to catuse transition from deflagration to detonation of 500 pounds
of uncured propellant (ammonium perchlorate and LP-33 fuel, volume ratio
of less than 2.85) contained in a barrel, by initiating with souibs buried
in the mass, failed. Negative results were also obtained with 50 grams of
tetryl A a No. 8 detonator. However, when two squibs were buried at a
depth of 2,3 inches in a 240-pound mass of propellant, representative of
the composition during initial stages of "reverse mixing" (volume ratio
greater than 4), detonation occurred. Detonation did not orcur, however,
•Whcn tl. ms#iibs: were buried at a depth of 22 inches.
Hunt..ville, .\::iwma, Reference No. 3, page 8.

21 :' (7) Soc :?3:10 (1). Test by Thiokol at Huntsvilh in 1957 showed that dftonable
mixtire :w-,: p_:;ent in a ,Cxer duping th first part of "reverse" mixing.
The :b,-:(:I 1Ant te;sted was composed of 88% AP, 2"' iron oxide, 1% magnesium
oxide, and 9,.: L'.
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Energetic Additives as Lirht Metal Hydrides, Encapsulated Materials

21:14 (1) Encrijctic Additives in Binder/Oxidizer Systems: Reference is made to the
16th JANAF Solid Propellant Group Meeting in Dallas. Progress made by the
various compnies is reviewed. Hazards associated with this type propellant
are also discussed.
Fir. Birr, Olin Mathitson Chemical Corporation.
Reference No. 7, pages 5 - 9.

21:14 (2) The author of this paper claims that their "Fluid Ball" of continuous
propollant mixing has succeeded in combining a number of rather energetic
and sensitive materials into a castable, case-bondable propellant. Three
meterinp stations feed continuously into a small mixer the casting solution,
anmonium porchlorate, and Ball Powder/aluminum blend. One incident occurred
in this system. A shock initiated in this little mixer, very probably as a
result of an underfeed of the liquid metering station or an overfeed of the
perchlorate system. This resulted In an overly dry material in the mixer.
hr. Barr, Olin Kathieson Chemical Corporation, Reference No. 7, pages 81 - 83.

21:14 (3) The Future of Eicapsulated Materials Peedicted.
Dr. H. Shuey, Rohm and Haas Company.
Ieference No. 7, page 189.
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MIXING HAZAD, (Continued)

Incidets-Cuses. Theory

21:15 (1) UMver FMplogion: Indian Head, MarylarAd, August 1959, Baker Perkins type mixer.
Opinion of the board is that the exploeion within the body of the mixer wap
initiated in the left forward gland of the mixer and was caused either by
blade deflection, which impacted the blade shaft against the bronze insert,
(query, maybe cu-perchlorate complex) which set up a frictional environment _
causing ignition, or detonation of the material widthin the gland area.
Iference 2.

21:15 (2) , incident in 21:15 (1) above. "...ammonium perchlorate, wet with acetone
in the range of 1% to 2C%, is most sensitive. Inasmuch as this particular
fVrmu'ation, containing a high percentage of this material, plus acetone,
was p..esent, it is felt that it was the most likely source of ignition. If -

toe point of initiation is as presumed, the ignition was communicated to the
rass of propellant which detonated due to the confinement of the closed mixer
and/or the confinement of the wei.ht of the mass itself."
Reference No. 2.

21:15 (3) Same incidevt in 21:15 (2) above. Experience with mixer incidents at this
activity hvi-e indicLt,-1 ;,.:,at an explosion will usually not result from an
ignition (:olvt.nt or ,ro-c]]ant), if there is not confinement of the
propellint.

21:15 (4) "Tucking-in" of Flamq- 3vrface haterial: An additional hazard, common to
all types of mixers, is the continued ivvement of the blades following an
ignition of the charge. It is consider-d likely that delayed explosions
are due more to the "tucking-in" of flaming surface material than "burning
to detonation" nd unoxplained so-called "hotspots". This is not intended
to suggest that burning to detonation does not occur.
Phillips Petroleum Company, Reference No. 3, page 17.

21:15 (5) Faulty Bearing: In one case (fire in Baker Perkins type mixer) it is
believed that the ignition may have been caused by a faulty bearing
housing, allowing one of the incorporator blades to come into contact
with the pan walls.
Explosive Research and Development Establishment, Waltham Abbey.
Reference No. 3, page 46.

An automatic system (not described in thfr paper) could be used to shut
4katt the mixer at. Ute fir:st occurrmice of metal-to-metal contact.
Phil]Ips Pttro3cum Co,,:wpwy, Reference No. 3, page 84.

21i*5 (6) "...some other ignitions have been clearly due to 1) sudden adiabaic
compression of air above the propellant, or 2) to overheated bearings
in contact with the propellant". No incident described in this paper.
Reference 3, Explosive Research and Development Estabiishnant, Waltham
Abbey. Query: Possibility of 1) when Ko-Kneader screw moved forward
on taking" up slack? See 10:11 (24).
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NLXING HAZ'ARDS (Cntinucd)

Incidents--Causeg, Theory

21:15 (7) Although the cause of this fire (in Baker Perkins Mixer) was specifically
determined, it is vez7 pos.-ible that the friction of the mixing blades on
large nuantiti'-s of ammonim dichromate and cxidizer can produce local hot
spots sufficient to decompose the ammonium dichromate and initiate the fire.
The incident just described involved propellants consisting of 8C% ammoniun
nitrate, 150 copolymer (binder), 3% ammonium dichromate, plus the ranaining
2% of other atditives.
Gus 3. Economy, Safety Engineer, Hill AFB, Utah, Directorate of Air Muni-
tions, Ol,.n Air ?Aatcrial Area, ;enerally kno as OOAM.
Reference 6, pages 13 and 14. Container 106, S&S Department, Longhorn.

21:15 (8) "One fire occurred while adding olvent-,etted ammonium perchlorate to a
mixer. This incident was believed causei by friction of the container on
the mixer lid, caus ing ir.nitior of the solvent vapors, or possibly friction
of the continmfr on -ione spilled material on the mixer lid".
L. H.. Greiner, Hercules Powder Commny.
Refc:r,-,ce 6, pnge 35, Coatainer 108, 3af.ty & 3ecurity Dept., Longhorn.

21:15 (9) Vie incident (i3aker i'erkins type Lixer at Longhorn, TC%) may be described
as a cci'ined defna.ration, probably initiated by a fire in the ;land pro-
vidinr subsmuface, high pressure ignition of the propellant mass. At this
stage of mixin-, the power curye indicated osolidation of the mx, but
the volume occupied by the propellant indicates a very large percentage of
entrapped air at this stage. High pressure ignition of such a system wuld
ful'nish an cxtremely high agitation; rates of pressure rise of l psi/sec

have been obtained. It is the author's opinion, not shared by some of the
Sgroup, that the mixer lid afforded extra time of confin emnt to the burning
process and contributed to the disruptive effect.
Reference: Opinions of Outside Investigting Board.

21:15 (10) Destruction of Large Refinery Unit by Gaseous Detonation: Standard Oil
orlriy , "1hiting, Indiana, 27 August 1955.

Investigators reveal technique to determine source of ignit4n and sequence
of events. Luder lines, Chevron Pattern Orientation and low temperature
refereices arc described. Technique used in this investigation hat poten-
t.ial worth in :nalysis of roicllant explosion incidents.

,f'wr,'ncc: Cl_m. &. ro,!ess. Iecember 1957, Vol. 53, No. 12, page 565.

:1:15 (1i) Fir':: r::ujtiv;., III ,.t.oit.ion ... .jrr.ctice of interconzected porc. ity in a
di;ir.:," ui.,e" c,,tiimihint...idat aprpvtrently happens i:; that the expotert.ial

rwi c:rmi coflitmLn u2 to pressures approachin; detonation pressure.
.lc thi:- h:1 pi.s, tH. d.flaratJon process gocs roothly into detonation.
.Ut1:r.,.:t jv,.ly :ec..i, re along tliu pressure rise, shock wiavc conditions can
o:rii ,c. h11is czi happen 4-n spite of the fact the container will not
withsttid ,(: ssurcs anyhi..re -,oar those we are talking about. The process
takes place so fast that a ruptured container cannot get out of the way
and it thercfore rcidzins a container.
"Iof, r:l'cc o. 3, :I, 66.

21:15 (:2) icc -i,.fcrcncc 11, v.':e 67.
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NEW~2 CRI ERIA : DESI(21 FIN LS, -EQUIF1_4T._ LIT) ETC.

22:10 (1) Recounnded that manufacture of high impulse prolv1ants be ccnfined to
those mixers of stainless stee)l construction with a finish specification 2:
of 32 micro-inch or better on the interior of the bowl and on the surface
of the blades.
August 1959, Reference 2, Container 108, Longhorn Safety & Security Dept.

22,0 (2) Direct driving of mixers was replaced with a hydraulic, variable speed
unit or a fluid coupling to prevent high torque application which will
cause blade defiection when the mixer is operated under high load coditions.
Reference No. 2, Container 108, Safety & Security Dept. File, Longhorn.

22:10 (3) Increased mixing hazard in enclosed mixing systems: "...fires resulting in
detonation...the presence of interconnected porosity in a charge under con-
finement. .. Vhat ap-,4rently happens is that the expotential pressure rise
can continue up to pressure approaching detonation pressure. When this
happens, the detlagration process goes smoothly into detonation. Alterna-
tively scmewhere along the pressure rise, shock wave conditions can origi-
nate. This can. happen in spite of the fact the container will not withstand
pressures anywhere near those which we are talking about. The process takes
place so fast that a ruptured container cannot get out of the way and it
therefore r.ains a container.
Reference No. 3, page 66.

22:10 (4) Mixer Lids: Experience with mixer incidents at this activity have indicated
that an explosion will usually not result from an ignition (solvent or pro-
pellant) if there is not confinement of the propellant.
Reference No. 2, Container 108, Thiokol, Longhorn Safety & Security Dept.

22:10 (5) Laboratory Kixer: A small laboratory mixer is described. Experience in
mixing, sensitive components as nitropolymer, ammonium perchlorate, and
coated lithium alumira hydride, has denonstrated its safety.
Vr. L. T. Carleton, Aerojet-General Corporation, Reference No. 7, page 9.

22:10 (6) Vertical Mixers: Make, tolerances, size, cleaning methods, modifications
made for safety, etc.
Reference: Solid Propellent Mixing Surn-ejr, by the Solid Propellant Safety
Panel of Aerospace Industries Association .%f America, Inc., 10 October 1963.
Published by Rocketdyne, Solid Propellant Division, McGregor, Texas.
Pages 107 - 135.

22:10 (7) Uned Services Explosive Safety Board, Inci&-'t Report No. 153.
A 2400-pound batch of solid propellant fornzlktion was ir the early stages
oZ the mix cycle vben flames were seen coming from the mixer. The burning
inside the mixer evolved sufficient gas to force open the counterbalanced
mixer lid. The force of the deluge splashed most of the burning propellant
out of the mixer. Cause: Propellant and cidizer residue was found in the
crevice between the metal floor plate and the mixer wall. The sealing
material had cracked, permitting contaminated solvent from the cleaning
operations to seep inside, and the metal-to-cetal contact frcm the slight
vibration of the mixer igiited the residue. A s !it was also found in the
gasket of the mixer lid. The pressure differential caused by inches of
vacuum inside the mixer permitted the propagation of the flame through the
split aasket into the mixer batch,
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IXER CPITEMIA: AUTOYTIC SHUT-OFF, SAFLETY DEVICES

22:11 (1) An autoittit system could be used to shut down the mixer at the first
occurrence of metal-to-metal contact. (No systen dhior in paper).
Reference No. 3, page 84, Faillip Petroleum Company.

Certain tests were run with a Baker Perkins or Process Test Mixer with
855 ammonium perchlorate, 154 binder, (150 grams total, one pint mixer
capacity), metal turnings and grit adled to the mix in order to determine
what factors are most likely to initiate fires in mixers. Mix.\ng time,
processing temperature, and blade clearance were all varied for most
severe conditions. It was concluded that: a necessary set of critical
conditions involving quantity of propellant, degree of propellant circu-
lation, alid frcquuncy of metal-to-metal rubbing must be obtained before
a fire; can be initiated. It appears likely that during normal operations
of intcrnal mixers, occasional metal-to-metal rubbing occurs under high
loadings of short duration, but conditions seldom become sufficiently
critical to initiate propellant fires. (Comment: They varied the
clearance of the mixer blades to cause metal-to-metal rubbing.)
Rcforence No. 3, pages 77 - 84.
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UM CRITEIA: _bZJTfl PARTS. ELDES. ETC.

22::3 1 3isa-BVAu1e: Tlre are no charewin the physical properties of a metal
rx';ier b. de) as a result of fatigue, I.e., crystallization does not
exiit , s a result of fatigue; instead, damage in the form of cracks will
begin .t V' e weakest point and progress to failure.
T&C thne, 15 Fsbiry 1960. Safety & Security Dept. File, Long.orn.

22:33 (2) a Inspection. Mixer paddle compnents should be inspected for
cracks !nd - ier discontinuities, using "ZYGLO" or penetrant dye before
installa'11. nd at frequent intervals thereafter to insure that nothing
of a dete-ior .ive natuwe has occurred by condition of use. Recommndation
by Superinn&-ndt of U. S. Naval Owt Factory in regard to investigation of
mixer exploAor. See 1--:11 (1).

eferecnce No. 2.

22:13 (3) Glis and zr %oulders should be remved from all mixers (Baker Perkins)
used in the anuta" .ure of high iqpuse propellants, and should be replaced
with synthetic s'Ak*. ances stch as Teflon or other compatibl. material. Use
of nylon is not rec'snded, because of incompatibility (NG, NC, and 2-nitro-
phenylanine h.ri" p-ers containing AP and an additional stabilizer, M90
and resorcinol).
Reference No. 2. See 12:14 (1), Teflon and Aluminm.

22:13 (4) Rotating *aft and gland experiments revealed that continued exposure of
hybrid propellant (double base propellant with AP) to frictional environ-
ment will not ignite the material within the gland area. (Hlti-base
propel.lants normally penetrate Into the gland area since the gland is
not packed, permitting the propellant to flow through the shaft-gland
annulus and collect in catch pans. In case of over-solvated propellant
during the solvent removal phase of the mix cycle (blow-down), the pro-
pellant becomes dry and hard, thereby disrup~ng flow. The propellant
in the dry state is especially aensitive to impact and friction.
Aumst 1959.
Reference No. 2.

22:13 (5) Samples were takar from a beari,g of a mixer (located in Bay 3) 1hiich
had been wed to mix hybrid 2056 and ,as located in a be adjacent to
a mixer which had exploded in BaY4. The mixer located in Bay 4, which
exploded, also had bean used to mix hybrid 2056. Therefore, it was
assed that some o.' the same w .-erial found in the bearings of the
mixer in Bay 3 could have een in the mixer bearings in Bay4 . The
analy.is of the sample showed the following:

Nitroglycerine ki.1% AmmoniL.c perchlorate 26.4
2-Nitrodiphenylamine 0.8 Nitrocellulose 24.0
Other plasticizers 2.1 Copper 0.01
Aluminum 36.5

Query: Isn't this bad staff Lc. be n a bearing?
For s'n:itivity, see 30:11 (6).
Re frncc No. 2.
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22:13 (6) 2 basic design of-i blade mixer is considered to present excessive
hazards, the danger being tb- blade huos and packing glands. It was con-
cLied that the most hazardous zones were the packing glands and the
spaces between Uie blade hubs and bowl ends. The space between the blade
hub arOA bowl ij so ar-4l it can neither be cleaned effectively nor inspected.
1tre important, material which penetiates into these zones is subject to
curing and metal bonding. These conditions may be tolerated in the first
mix, but the consequences during subsequent mixes may be serious. As a
simple :-olution of improving the cor.itions of existing equipment, the
hubs of the blades are cut back to allow a felt split ring to be placed
in position and hold in place with a garter spring. After each mixing
operation, the area is cleaned and the felt ring is carefully removed.
Inspection will show whether penetration has occurred. If not, now felts
are fitted and the mixer is ready for use. Canadian Armament Research.
Reference 11o. 3, pages 20 and 21.

22:13 (7) Mixer Blade Deformation: The results sho that fires were initiated by
metal-to-metal contact w'w-n rotating and stationary parts within the
mixer. This condition can result irca deformation of the blades under
heavy load or from improper maintenance. These conclusions are consistint
with the findings of investigations of accidental fires and the observed
deformation of mixer blades under load. Phillips Petroleum C q rq.
See 21:15 (5) for automatic shut-off on metal-to-metal contact.
Reference No. 3, page 73.

22:13 (8) As a result of a special stuly on the sensitivity of rubbsr base propellants
with a small mixer, it was concluded that: It is nmt possible to initiate
propellant fires in a mixer by 1) intensive mixing of propellant, 2) friction
between the packing gland mterial and the rotcr shaft, or 3) friction
between the propellant and the rotor saft. Phillips Petroleum Company.
Rcfercnce No. 3, Page 83.

22:13 (9) Tcfon Inserts are now used in sigma blade mixers. An explosion had occurred
using (packless Clandt) all-round clearance of 30/1000. It is believed
sae AP had worked between the shaft and the gland, and the blade flexing
te shaft impacted against the gland and caused i~pition. Etrem pling
ar-pared on the shrift-; themselves, 3o we are quite sure that the blade was
being distorted to the degree wherc it would contact the gland.
Reference No. 6, pages 38 and 39.

Kr. hax Stuckey, Thikol Mkton, is of the opinion Jute mkes the beet
packing. He stresses that the packing should be soaked in thin polymer
I48 hours before use.
Rcfermnce No. 6, page 39.
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M TYPE: BITi NI=1G, )RIZ.RD AND REVERSE

23:10 (1) Revrse &Sing: Propollant taken from a mixer during an intermediate
stage of "reverse" mixing was used to perform a test to determine if
the propellant at this stage is detanable. The mixture contained
approximtely Wo perchlorate, 2/% iron oxide, 1/% magnesium oxide,
and 9% LP. Four drus of the propellant were tested by initiating
with squibs located at the bottom of the drums. The following results
were found:

Test Depth Weight
No. Propellant ?2o~t lan

1 22" 2001 Mild pop.
2 28" 24O* Propellant tamped - High order.
3 28" 240# Propellant loose - High order.
4 28" 2409 High order, second can 2" from

first can also detonated.

Thiokol, Huntsville Division, 6 September 1957 (57-22004).
Longhorn Container 1C, Safety and Security Department.
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MIXER TYE: CUNTINUOt1 KI XING

23:11 (1) See 22:10 (3) for: Increased mixing hasards in enclosed mixing systems.
Reference No. 3, Page 66.

23:11 (2) Continuous Mixing: "Fluid Ball" continuous propellant mixing process.
Reference No. 7, pages 81 - 83. Also se Reference No. 8, Vol. IV,
pagc 255, Olin Matheson Corporation.

23:11 (3) Continuous Mixing: Problem,% encountered in continuous mixing solid
propellants. 1hr. J. R. Crawtbrd, Thiokol Chemical Corporation, Longhorn.
Reference No. 7, page 83.

23:11 (4) Continuous Mixing: Hazard of overly dry material in the mixer. The
ircident with Olin Mathieson's "Fluid Ball" continuous mixer was believed
to be due to an under-feed of the liquid metering station, or an over-foed
of the perchlorate system, wiich resulted in an overly dry material in the
mixer.
Reference No. 7, page 83.

To prevent a biuld-up of an overly dry (unbalanced) state in the mixer
screw, connideration should be given to a procedure whereby the system
could be purged with fuel whenever there is indication that there is
trouble in the screw, such as a build-up of perchlcrate or other dry
ingredients. (Dr. Ball, Heroules Powder Company)
Reference No. 7, page 90.

23:11 (5) Fro-ress Retort on Continuous N .l-xi of Castable Prollant at Aeroet
General Corporation: This paper deals with the develoment work and
construction of a production facility to insure that the production of
the Polaris ProplIsion Syttem will combine highest quality and maximi
safety with the lowest cost of manufacture. Pilot plant studies wwo
made in the following areas: 1) Nw Propellant Fomulations, 2) Rbber
Base Binder, 3) Polyurethane Binder System, 4) Equijient Evaluation,
5) Kixirlg Studies, 6) Metering Studies, 7) Propellant Puming Stulije, O
8) Scale-Up to Production Equiment. A brief description is shme of
their ful scale production facility idth photographs of the mixing
eeuipent. A. S. Cohen, W. Drdbot, et al, Process 2hglneering Depart-
ment., Aero jet General.
Reference No. 8, page 175, Vol. IV.

23:11 (6) New rnuati ty Control Techniques for Continuous ..N ollant Processinr.
A successful, continuous propellant stream analysis method, for a
1,000,000 pound per month continuous mixer is described. The Instuent
mw-sur ammn iu purchlorate content, density, and viscosity by a non-
destructive method. Photographs, charts, data, arid infornation on the
in.trum.btatii is given. Aerojet General Corporation.

W1Tr: 2]:14 (2), where it Is be] ieved that an explosion of a continuous
m.ixer was due tu overly dry mix, due either to an wder-feed o the
fuel or an over-feed of the amonium pcrchlorate.
Reference No. 8, Vol. IV, pt.o 275.
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,i.IXE .ITE: LI' 11,1) _CA!j-jj'C.UJCIIIX" PROCESS

23:12 (1) Genera). Itfrece: .ockotdyre, hcGregr, Texas. R-4069.
Report on Special Eplosive Toot - A report of results ann tests on their
liquid-carrier (1-Hexane, N-Hlptabne, 2-I'ropanol or HMDS - Hexamethyldi-
soloxane) solid propellant continuous processing system, designated as
"CZuickmix".
Container 108, Longhorn Safety and Security Department.

23:12 (2) Hazards - Similarity to "Soak t" of Motors: According To data obtained
in testing liquid-carrier "Quickiix" process of solid propellant manufacture,
both ammonium perchlorate and mixtures of ammonium perchlorate and aluminum
powder in HHDS become more hazardous as the amount of HHDS present falls
below that required to fill all the voids in a settled-out mixture. The
preb,;nce of aluminum enhances the hazard considerably. Hence, it is recom-
mended that precautions be taken to guard against the possible forntion
of a system containing AP plus aluminum plus H1DS (hexamethyldixoloxane).
See report 23:12 (1) above.
Container 108, Longhorn Safety and Security Department.

23:12 (3) This report describes the features of the "Quickmix" process, the cheiostry
of propellants tailor-d for "Quickmix", and operation of Rocketdyne's 500
ib/hr pilot plant to mnnufacture a polyurethane solid propellant. Analysis
of pilot plant data is presented, the bench scale plant is described, and
recommendtions for automating the pilot plant are made.
R. D. Sheeline, et al, Rocketdyne, a Division of North American Aviation.
Reference No. 8, Vol. IV, page 223.
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PROPELLNTS: TNSITION F".),H DEFAGRTION. T DEMNATION

30:10 (1) "Measure of detonability and of the deflagration to detonation transition
in solid propellants". A detailed account is given in this paper concern-
ing the above subject. The relation of impact sensitivity to detonation
and other phenomena are discussed, such as "critical diameter".
Dr. A. B. Amster, Sup. Chemist, Physical Chemistry Division, Naval
Ordnance Laboratory.
Reference 6, pages 76 - 86. Thiokol Longhorn Container 108, Safety and
Security Department.

30:10 (2) See 21:16 (2).

30:10 (3) Difference between "detonation" and "explosion" defined. See reference
in 30:10 (I) above, page 104.

30:10 (4) A now anvroach to determ io of detonability of Pro elants Mod
explosives: A rew quantitative approach to establishing the detonability
of propellants through a study of the "Deflagration to Detonation Transi-
tion (DDT)" has shown promising results. Remlts thus far indicate that
each explosive mterial wiy have a critical pressure above which the
transition from deflagratign to detonation will occur. The measurement
depends on the determination of burning rate as a function of presmre.
By comparing the burning rates obtained in a strand burner with those
obtained for large solid cylinders in a clceed bomb at high pressure, a
critical pressure is found for each explosive above which the closed
bomb burning rate vs pressure curve turns sharply upward from the normal
burning rate vs pressure curve obtained with the strand burner.
S. Wachtell & C. E. McKnight, Picatinny Arsenal.
Reference No. 8, Vol. V, page 125.
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PRUOPELLANTS: PHYSICAL TWTING, STATIC LECTRICITY, IMPACT, ETC.

30:11 (1) A continuous oscillora&hic method for determining detonation velocities
in solid cast explosives. Various frmulations are given with test results
of booeter sensitivity, effect of porosity and temperature, factors causing
increased port perimeter, etc.
Reference No. 3, pages 103 - 121.

30:11 (2) Imition from Static Electricity: A test set-up is described to determine
the ignitability of propellant with static discharge. Based on the results
of experiments, it is the opinion of the writer and other persons who took
part in these tests that the chance of accidental ignition from static
electricity is so remote that it is practically nonexistent.
Thiokol, Huntsville Division, )My 1957, "Investigation of Static Electricity
with Respect to Accidental Igition of Propellant", by J. C. Godsey, W. E.
Fox, H. E. Dupree. Container 106, Longhorn Safety and Security File.

30:11 (3) Improament of testing methods for determirinq the hazard classification of
pEopellants: Various test equipment is described, namely, Taliani test,
Impact test, Heat Cracking toot, Card-Gap test, Cook-off testand other
tests. The author concludes, "The tests which are used dtNOTS for the
determination of the hazards associated with the handling and processing
of solid propellants and propellant ingredients, are primarily empirical
in nature and the interpretation of the test results in terms of practical
applications is usually difficult. Because no quantitative test exists
for the determination of the haz.ards, the key to safe operations appears
to be the use of good judgment by those who determine handling and proces-
sing methods. Improved testing methods, which would minimize the need
for this degree of judgnent on the part of all concerned, are urgently
needed".
Report by hr. Dallett at the second meeting of the Operations Subcommittee
at Roanoke, Virginia, on 2 - 3 June 1959. Topic No. 13.
Container 106, Longhorn Safety and Security File.

30:11 (4) Static Electricity Studies on ther-Acohol-Acetone: This paper covers
1) theory of static electricity, 2) equations for determining static
charge accumulated on a man's body; voltage required for minimum ignition
energies, and 3) static potential accumulated by airveying finished pro-
pcllant. Program Officer, Office of the Technical Director.
Reference No. 6, pages 45 - 54, Container 108, Longhorn S&S Department.

30:11 (5) Imrxict Tester: "...it has been our experience that the sensitivity as
,masured by Ue fal3ing ball does not agree with the semsitivity, or
sen:itlvity test; th-nt is, for material that you think is considered
more hazardous, (for example, an 80,J loaded cidizer material would be
con-iidered more hazardous and more sensitive than a 6W% oxidizer material
of the same formulation, or the same basic degrees). However, on the
falling ball impact tester, it is entirely possible that the 60; will
show up as rvre sensitive than the 80%. I, myself, don't put an awful
lot of strength in the impact sensitivity tests". Mr. Haite, Thiokol,
Huntsvi lle Division.
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30:11 (5) Impact Tester: (Continued)

"I ,gree with you entirely that the Bureau of Mines impact test will tell
you very little about what uight happen in the way of a detonation. How-
ever, it is the general feeling throughout the industry that it does tell
you something about the sensitivity toward ignition". Dr. A. X. Ball,
Hercrales Powder Company.
Reference 6, page 37.

30:11 (6) New test method for hazard evaluation for processing cast double base
propellant: This paper, by Allegheny Ballistic Lab, presents their method
of detecting and eliminating process hazards before an ingredient or new
process is utilized in the manufacture of double base propellants. The
purpose of this method is to be able to apply test data directly to the
process. A "Hazard Assessment Program" is outlined. A pendulu friction
machine and a sliding friction machine as used in this program are described.
The hazardous properties of ammonium perchlorate are discussed..
Mr. R. H. Richardson, Hercules Powder Company, Allegheny Ballistic Lab.
Reference No. pagc 18.

30:11 (7) Gap Test for Solid Propellants: This paper outlines some of the work done
at the Navy Ordnance Laboratory in investigating the basic aspects of the
sensitivity of high explosives and propellants. There is no single test
for sensitivity. In studying sensitivity, one must realize that the
various tests employed rarely measure any basic quantity. The laboratory
has accumulated a great deal of data on both liquid and solid explosives,
or prorellants using two "standardized" versions of the Sap test. A
detailed account of tests is given. Composites of inert binder type
(polyurethane, polysulfide rubber, plastisol binders) and amaoni m per-
chlorate propellants are quite insensitive as long as they are homogeneous.
If they have voids in them, they become highly sensitive. Large scale
gap tests (19 inches in diameter and 80 inches long "Polaris Propellant")
were run by NOTS and Aerojet. No detonations were observed in 12 shots.
Dr. E. C. Nooran, NOL White Oak, Silver Springs, Maryland.
Reference No. 7, pages 101 - U5.

30:11 (.) "Importance of F)exlbility in Gap Sensitivity Test": The result of this
investig.ation demonstrates that, In examining the detonability of differ-
ent substances, a gap test employing variable charge dimensions offers
distinct advantage over a "standard" test.
Mr. W. W. Brandon, Rohn & Haas Company.
Reference No. 8, Vol. V, Page 109.

30:11 (9) Also see 10:16, "Laboratory Incidents: Sang, Mtixing, Heating"

30:11 (10) "Static Ignition Sensitivity of Ether-Alcohol-Acetone and Propellant Dust",
prepared for the Explosive Safety Seminar on Righ-3ergy Solid Propellants,
9 - 12 June 1959, Naval Propellant Plant.
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PROPILANTS: EXPLOSIVi CLASS TES K)R VARIOUS PWPIJ .)M ,EC

30:12 (1) A test program was conducted at White Sads Missile Range at the reque3t
of OCO to recommnd the proper txploeive cla3sification of th, polysulfide-
perchlorate solid propellant used in the Mike Hercules and Hawk missilesyst~ms. This paper gives data on the test run.

Mr. Frank Schultheis, White Sand Missile Range.
Reference No. 7, pages 156 - 164.

30:12 (2) Test procedures were established to determine an Ordnance classification
fbr propellants used in the Minuteman propulsion as em.. The particular
tests ara described. Test results and precautions are wfnarized.
Lt. K. 0. W. Ball, Ballistic Missile Division, Dept. of the Air Force.
Reference No. 7, pages 165 - 179.

30:12 (3) Hazrd Classification of &4- Items o the Basis of Test Criteria:
This paper deals with the work and prgess by the ASSB.
Mr. Heran, ASESB.
Reference No. 7, pages 152 - 155.

30:12 (4) See 30:13 (2), "Test to Determine Hazard Classification of Motors Larger

than 12" in Diameter".

30:12 (5) See 30:12 (1), "Scale Testing of Yx)tets".

30:12 (6) PBAA/Ammuir a Perchlorate: See 12:14 (4) for hazard classification.

30:12 (7) Famlosive Hasard Test Run on E-Series Preullant: 26 July L961. Thokol,
Hntsville Division, Memrandum fr c F. S. Montelecne, to W. F. Hait ,.
Haager, Propellant and Process Developent Program.
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PI'LELANTS: SCALE~ TESTING OF NDTORS

30:13 (1) Scalle Testing of Motors: Mr. R. C. Herman, ASESE, "...This problem of
hazard c lassificaition has caused considerable difficulty. The Scard has
attempted to develop a standard test criteria ... so v*e cam out with a
minimum t',est criteria for various items. We put in a statement that,,
until Information was developed. we would have to use funl scal, items
in testing these largs motors. Everywe said they couldn't do it, it
would cost too much money. A meeting was held on the 28th of May 1959,
but we finally came to aa agreement of wsing scale model items and the
criteria for this was based on wha Dr. Amster gavo us-this equivalent
diameter, with a length of about 31 times the diamter. At preseat, the
criteria calls for utilization of full size motcrs up to 17 inches.
Greater than this, you will use this scale model iich is a grain dianieter
equal to the equivalent diameter andl a length of A~ times this".
Reference 6, page 100.

30:13 (2) Problems In establ13hing closive hazard classifi cations of solid pro-
pellant rocket motor:3 larger than 17 Inches in diaseter,, is discussed.
First, %hatt ame tho minions test criteria for determining the hazard
classification of large propellant rocket motors? Secord, wUn.data
cbtained frori 3ub-scik wto-c3 be in order to provide Yali data? The
Department of Defifise publishes a bulletin Adich outlined the iniium
test criteria to assiare uniform assiptment of hazard classification to
a givan item by all aguncies in each of the services. This bulletin is
a coordination publication. Seo e Ei-parnt of the Army Technical Bulle-
tin 700-2, Department of the Navy NLVQRD Instruction 8020.8, or the
Department of the Air Force Techrica-l Order 3fh-l-47. On the basis of
these co nsid erat ios,, the 270th Air-bmitions Wing at Ogden Air Material
Area has idertaken a project to determine the minizim test criteria for
solid propellant rocket motors larger than 17 inches in dimeter and to
determine if it will be possible to use scaled movtors.
Mr. S. 11. W!elch, OOAM.
Reforence No. 7, page 1147.

30:13 (3) Using scale rodeat wtor performance as a basis for the accetance of
large Sergeant rocket motors.
Jet Propulsion Laboratory, Sperry, Utah bigewing Laboratory.
Reference No. C, Vol. V, Page 147.
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I'M MULNTS: ' Flff IC -1 ST-ITE, KCROSITY, GRAI N 31Z

30:14 (1) In eaplosive rdxtures which exhibit connected porosity, the deflagration-to-
detonation mdanim appe.s to be relatively easy to establish, so that all
!fltV di.ded solid prop e3 :-ts tested to date exhibit DTD &en ipnted
under sufficient
Reference No. 3, pap 123.

30:14 (2) Introduction of even a sml amount of porosity in composite and double base
propel.nts increases the sweitivity mrkedly, in some cases rer.dering the
propolbint morc swsitive than tetryl.
Reference No. 3, page 89.
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PROP.LANT: EFFECTS OF HIGH-ENERGY RADIATION

30:15 (1) Solid propellants and fuels were cured quickly by Gamma radiation, without
heat, to open a new approach to propellant vnufa9ture. The optimum time
of cure, corresponding to total doses of about 100rep, were small fractions
of the normal thermal cycle. Cure of polyurethane propellants at ambient
temperature has been unsuccessful thus far.
Aerojet-Gencral Corporation.
Reference No. 3, pages 137 - 200.
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SJJ WTY DFSIGN CRITEIA: ILMUFAC'IIED. M' STORAGE BUILDINGS

40:10 (1) "Etablishmert of Safety Design Criteria for High-Eergy Propellant
MnufacturiM .Ad Storage Facilities", Picatimny Arsenal. Test methods
mployed for deterndning sensitivity, impact, heat, and detonability
(test in heavy wall pipe by means of a booster, etc.) of high-energy
propellants are of vlue up to a point, but they do not give a complete
quantitative picture (see Picatinny Arsenal Technical Report DB-Tr: 13-58,
H. L. Partridge, Sif-,+. Ha2Ads of Roket Prmpe11 ants, November 1958).
The desianer must take into consideration such factors as propelrt output,
a sensitivity to blast, and sensitivity to fragnent impact. In line with
the above, Picatinmy Safety Design Criteria Program has been divided into
three mnjor phases: Phase I deals with establismaint of realistic quantity-
distance relationships for prevention of sympathetic detonation; Phase I1.
the efrects of fra,nent impact in causing high order detonation in an explo-
sive char':c, and related safety design criteria; Phase III relates to struc-
tural desi-n criteria for barricades, substantial dividing walls, and other
protective structures.
Reference No. 6, pages 109 - 181.

40:10 (2) "Determination of propellants and safety design criteria for manufacture
aid storage", Picatinny Arsenal. A review of the above (40:iO - 1) is
given. Ilathematical fornulas, drawings, etc., are given, as: striking
velocity of a fragment as a function of fragent Mass and distance.
Mr. L. W,. Scaffian, Picstinny Arsenal.
Reference No. 7, pages 53 - 60. Container 108, Longhorn S&S Dept. File.
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5AFLIf DESIGN CRITIIA: PRuLANT EMINGUISHING SYSTEKS

40:11 (1) A water quench system for individually loaded motors in ship magazines
that Js automatically activated within J to I second after ignition of
the -mi, is discussed.
Mr. Floyd, Applied Physics Laboratory, John Hopkins University.
Reference No. 6, pages 173 - 175.

40:11 (2) Fire detection and control for solid propellants: A single comact
unit consisting of a detector, valve, nozzle, and water under pressure,
is used to detect and extinguish a motor if accidentally ignited. Appli-
cation in cut-back operation is discussed.
Mr. C. F. Averill, Grinnell Corporation.
Reference No. 7, page 95.

40:11 (3) This paper is a review of the merits of water in;jection systems. Various
problems are reviewed. cperimsnts with different motor fires are given.
Water pressure, quantitr, etc., are shown.
Mr. S. H. McElroy, Navy Weapons Laboratory, Dahlgren, Virginia.
Reference No. 7, page 130.

40:11 (4) Tests of Production Terrier Booster Quench Nozzles manufactured by the
Automatic Sprinkler Corporation. U. S. Naval Weapms Laboratory, Dshlgren,
Virginia, 13 May 1960, Report 1703.
Thiokol Longhorn Container 108, Safety and Security Departmnt File.

40:11 ) Mixer Fire Detection and Extinzuishink Device: A 1O0-pl . water tank
located above the mixer is equipped with an infra-red cell. This cell,
on detecting a sudden teoperature rise, ignites a propellant charge which
pressurizes the water tank. Below the tank is attached a 6-inch pipe
4&iicI projects inside the propellant vessel. The end of the pipe is
closed with a thin aluaminu disk, and as soon as the water vessel is
pressurized (above about 100 p.s.i.), this disk bursts, allowing a 6-inch
jet of water to enter the mix. This automatic drencher system has proved
most effective in quenchiz siualated fires.
Ministry of Aviation, Explosive Research and Development Establimt,
Waltham Abbey, Essex, United Kingdom.
Reference No. 8, Vol. V, page 54.

40:11 (6) Mixer Fire Detection and ExtinABishg Devices Rodcet4m, Mcregms
Texas . Ammonium nitrate propellant fire in a 100-gallon Baker Perkins
mixer extirtuished with only minor dawage. Operation of vacum-tat
raisei mixer lid and propellant fire extinguished by water deluge,
22 June 1962. Telegram, RT-llft - Thiokol Lon.horn Safety File 1/304.4.6.

4O:11 (7) Research on Cneinical Extinguishment of Solid Propellant, Thiokol Chemical
Corporati c:, Eilktnn Division. Elkton Project 11o. 7698. TCC-LonghorA
TechIic:al L.l:rary No. 2.307. (The concept of using Freon 1301 as the
basis of a pro. .lant extinguishing system that would operate with only
a small u,:iw.ht of extinguishing agent does not look promising.)
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3AFY DESIGN CRITIA: BAWUCADES, PANELS. SHI EDS

40:12 (1) CO-Mz tive Test of fzicade Katerial: Observation windows and blast
mats wer exposed to test explosions. Plexiglas was found superior to
bullet-proof lass for windows. Also, covering the edges of the windows
markedly increases strfgth. Test results with 1 to 20 lbs. of C-4
explosive packed in steel pipe. Ability of PlexiW, plate glass,
blast mats, steel plate, and sandbags to withstand the explosions is
shown. Dr. Knapp, Isso Research and ]ingferting Comp ay.
Reference No. 7, page 32.

40:12 (2) A Labror Shild for Proted-ion An mit an Eplosion or Fires The

Ahields are of the sliding door type and nade of safety glass.

Dr. S. C. Burket, Aerojet-General Corpomtion.
Referenc, No. 7, pa&r 13.

40:12 (3) Pressure all Blast Relief Panel Te: Test condurted by Thiokol at

Lohorn. Test indicated that translucent plastic is better for re-

lieving pressure than cment asbestos, in that it relieves at lower
p-retnur without fraamenting.
Safety an. Security Departient File, Feb. 27-48 and March 1-2, 1961.

40:12 (4) Safety in Hanling Hikh- Proplnt Ingredients in the Laboratory:
By C. L. Knapp, Zeso Research and Znglneerirg Company. Gives new desiUp

of eutm.ent, as compact robot manipulator, laboratory layout, etc.

Reference Bulletin of the 17th Meeting of JANAF Solid Propellant Group,
Vol. I, page 143.
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50: 10 (1) "Fiin Test Cell Design and Hizh Temperture Tooting.* Techuiie used
to safely test solid Iropeflants in the rap of 3000 to 5000P?. is
described. Safety precautions from a sazmlpoat of test cell desin and
handiling is discussed.
Dr. Burket, Aerojet-Genwal.
Reference No. 7, paes 126 - 1.29.

50:10 (2) Description of some of the instrumntation techniqio.s used in a pws pbase
investigation of the "deflagration-to-dtonation transitionn phase of
prope llant cormuation.
17th Meetlng, JANAF Solidi Propellant Static Test Panel.

50:10 (3) "Prediction of Catastropic1to qoonC dtisfrm radSctu
Ifechanical P~roperty Analysis." E. I. du Pont Do Vemous and Comany.
Reference No. 8, Vol. V2 page 6i1.

50:10 (4) AOHC has completed the first in a series of auto-ignition studiies an the
)%30 motor. A zmtor, less pyrogen and adatw, wa xub3.cted to an
increasing temp~erature environmnt from mbient to appvxinately 3250?.
Ifpit ion of the motor was acccmplished at 325OF 3s indicated by thew-
couples manually inserted in the propellant grain. Future tests will
be performed, utilizing the missile system heating blanket as a heat
source.
Reference, Weekly Managemnt Bulletin, 2 April 1962, Thiokol, Laom~n

50:10 (5) AOf4C has completed an auto-igiition test on the DOG motor using the
tactical huatifle blirikets. At a power setting~ to the blukets, a wota'
case skirt talper,ture of 2650F was mitained focr ~ximately 8 daps.
PolIc~iinr this tim, the power to the blaketa 'me Increased to the
poirit the motor C 3e skin tw.rature increased to 31MPF, whidh coirrelatod
to~ 1a huurs expwur tmeator thing cof 23tF. morigteflow
to 18 huri s exposur tiraie readhi g codo 3. Te~ pie o
Reference, *Jeak]y )Nanagnment Bulletin, 11 June 1962, Thiokol, Lmiforn.
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SAFETY IRENNTS: RADIO FEUM1~CY DI1GY

50"11 (1) "Radio Frequency as Related to Accidental Ignition of Electrical Squibs
by Induced Current." This paper deals with tree particular problems that
the JPL had in this area- the Sergeant Misile, the RTV vehicle, and the
on-lab R&D operat ious at the laboratory--and the approach *ich we took to
solve these problem. The two squibs studies are Dupont X201A and Dupont
X2OlE. Radio frequency energy can be supplied to a squib from a firing
harness *iich acts as an antenna. The problems, incidents, and methods
to prevent accidental igniticn are discussed.
Mr. L. R. Piasecki, JPL.
Reference No. 7, page 116.
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SAF- R UIRE2MNTS: BINIG GROUNDS, SCRAP COLLECTION, VACUU SYST-31

50:12 (1) See 11:21

50:1L2 (2) Discussion of scrap collection, safety shoes, vacuum collection of cutback

fires, L,-ning ground problems.
Reference No. 6, pages 86 - 96.

50:12 (3) See 11:14 (4) - Control of atmospheric concentrations of aluminum powder

by use of a wet-type dust collector.

50:12 (4) See 10:15 (6) - Vacuum Line Explosion.

50:12 (5) Free Flipit of Casting Hose: Thiokol, Longhorn Division, 1956.

W0hen burnin'g scrap ipropellant contaidng a section of propellant-filbd.

casting hose, the hose free-flighted vertically 300 - 400 feet. Casting

hose are now burned in a cage.
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